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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. 

Bistable, Monostable & Astable multivibrator: 

Multivibrators are basically two stage R-C coupled amplifier with positive feedback from output of one 

amplifier to the input of another. They generate non sinusoidal waves such as rectangular waves, sawtooth 

waves, square waves etc. They are capable of counting pulses and performing other essential functions as in 

digital systems. Different type of multivibrators are as follows. 

Astable Or Free Running multivibrator: It has no stable state. The two states had by the astable multivibrator 

are quasi-stable (temporary) states. The astable multivibrator therefore make successive transition from one 

quasi-state to another after a predefined time interval, without the aid of external triggering signal as shown 

in Fig.1.  

Working Operation: When the power is first applied to the circuit, both transistor starts conducting. Because 

of the small differences in their operating characteristics. One of the transistor will conduct slightly more than 

the other.Assume arbitrarily that  initially conducts more than .This causes the collector voltage of  to 

drop more rapidly than that of .The resulting negative signal is fed to the base of  through capacitor � and derives it towards cut off.As a result the collector voltage of rises to ��� .This change in collector 

voltages of is fed to the base of  through capacitor � . It causes transistor  to go into saturation. This 

happens so quickly that capacitor �   does not get chance to discharge and the reduced voltage at the 

collector  appears across the resistor . 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 Astable Multivibrator 

 

Monostable Or Single Shot Multivibrator: It has only one stable state and one quasi-stable (temporary) state. 

In this circuit a triggering signal is required to introduce the transition from stable to quasi stable state. The 

circuit remains in the quasi stable state for a period determined by the circuit components. After this period 

circuit returns to its initial state and no external signal is required to induce the reverse transition.  

Working Operation: It consist of two similar transistors  and  with equal collector resistances  and  

as shown in Fig.2. Circuit is designed for operation with transistor normally conducting and transistor  cut 

off. The output of transistor  is coupled to the base of  via capacitor �  as in case of astable multivibrator. 

However, the other coupling is direct one with base resistor  . Transistor  is forward biased by power 

supply � and base Resistor  is selected to permit sufficient base current in the transistor for operation 

in the saturation region. 

When power supply is switched on but with no input pulse applied transistor  is on and operating in 

saturation region. It is being forward biased by supply � and base resistor  . The collector off transistor  

is virtually at ground potential.  
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When a positive trigger pulse of short duration and sufficient magnitude is applied to the base transistor 

through capacitor � . Transistor starts conducting and the potential of collector of transistor  comes to 

the ground. Thus negative bias is applied to the base of transistor and transistor is cut off. And  

remains turn on even after positive spike from transistor  is removed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 2 Monostable Multivibrator 

Bistable Or Flip Flop Multivibrator: It has only two stable states. It can stay in either of the two states 

indefinitely. Only an application of a suitable trigger pulse makes the circuit to change the other stable state. 

The circuit can be brought back to its original  stable state only by applying another suitable trigger pulse as 

shown in Fig.3. 

Asssume that both transistors are identical and one of the transistor say   is conducting. The biasing 

resistors are so adjusted that  will be saturated. This one of the stable state ̅  will be low and Q will be high. 

To make Q low, we apply a negative trigger pulse, transistor comes out for conduction. Its collector voltage 

voltage increases to � . 

Due to cutoff the collector voltage of will increase to � .This high going change in level of collector voltage 

of is coupled to the base of  through the capacitor �  due to which  will be forced into on state.Infact 

will saturate and Q output will become low.As  is turned off, its collector voltage rises to +� , This 

voltage will than ensure that will remain in saturation. This is the second stable state of operation.If we 

want to turn on again then we have to apply a –ve trigger pulse at trigger pulse input2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Bistable Multivibrator 
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Schmitt trigger circuit: 

Another type of bistable multivibrator  is Schmitt  trigger  shown in figure . 

This is a modified version of the bistable multivibrator. 

Construction 

The difference between Schmitt trigger and bistable multivibrator is that there is no connection between 

the collector of Q2 to base of Q1 and resistance  RE introduces  a negative feedback in the circuit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Working 

A sine wave is applied at the base of transistor  Q1 as shown in figure  

When Vin = 0, transistor Q1 will be OFF. Its collector voltage will be equal to Vcc which will turn on and 

saturate transistor Q2. The collector voltage of Q2 i.e. output voltage is given by, 

V0 = VCE(sat)+ VRE                                       

The voltage across RE reverse biases Q1 Therefore even when Yin becomes positive Q1 will remain off till Vin 

is less than (VRE+ VBE) 

As soon as transistor Q1 will be turned on. This input voltage is called as upper threshold point. As soon as 

transistor Q1 turns on, its collector voltage will decreases will force the transistor Q2 into off state. Its 

collector voltage will increase to VCC Thus, at UTP, Vo increases to + Vcc• 

Now, when Q1 is conducting, the voltage across RE is given by, 

VRE= ICI RE                                               

Here, Q1 will remain on as long the input voltage is higher than (IC1RE + VBE)as shown in the waveforms of 

figure . 

As soon as Vin decreases below transistor QI will be turned  OFF. This level is called as the Lower  

threshold  Point  (LTP). As Q1 turns OFF, its collector potential increases, which will turn the 

transistor Q2 ON. As Q2 saturates, the output voltage will reduce to a voltage .  

Effects of Hyster-eais 

Hysteresis improves the noise immunity.  

It reduces the  response time. 

Increased hysteresis will make  the  sensitivity poor. 
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Hysteresis reduces the possibility of false triggering produced by noise. 

Applications of Schmitt Trigger 

Some of the important applications of Schmitt trigger  are as under:  

To convert  any waveform into a square  wave. 

In over voltage and over current protection circuit.  

In ON /OFF type temperature  controllers . 

Introduction of Analog to Digital & Digital to Analog converters: 

ANALOG TO DIGITAL CONVERTER (ADC): 

An ADC takes an analog input voltage and after a certain amount of time produces a digital output code that 

represents the analog input.  

 

Timing for operation is provided by 

the input clock signal. 

Control (CNTL) unit contains the logic 

circuitry for generating the proper 

sequence of operations in response 

to the start command, which 

initiates the conversion process. 

OPAMP comparator has two analog 

inputs and a digital output that 

switches states, depending upon 

which analog input is greater.  

Operation: START command pulse initiates the operation. At a rate determined by the clock, the control unit 

continually modifies the binary number that is stored in register. The binary number in register is converted 

into analog voltage, VAX, by DAC. The comparator compares VAX with VA. When VAX < VA, comparator output 

stays HIGH. When VAX > VA, by atleast an amount equal to threshold voltage, the comparator output goes LOW 

and stops the process of modifying the register number. At this point VAX is close approximation with VA. 

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

within the resolution and accuracy of the system. The control logic activates the end of conversion signal, 

when the conversion is complete. 

DIGITAL RAMP ADC (COUNTER TYPE ADC): 
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Operation: Assume that VA is positive. START pulse is applied to RESET the counter to 0 and AND gate is 

disabled. With all 0s as its input, DAC output will be VAX = 0v. Since VAX < VA, o pa ato  output, EOC ’, is 
HIGH. When START is LOW, AND gate is enabled and clock pulses get through to the counter. As the counter 

advances, DAC output, VAX, increases one step at a time. This continues until VAX > VA by an amount equal or 

g eate  tha  th eshold oltage typi ally  to μ . At this poi t o pa ato  output, EOC ’, goes LOW a d 
counter stop counting. The conversion process is now complete and the contents of the counter are the digital 

representation of VA. Counter will hold the digital value until the next START pulse initiates a new conversion. 

Conversion time, Tc, is the i te al et ee  the e d of the “TART pulse a d the a ti atio  of the EOC ’ 
output. Tc depends upon VA . 

For N-bit converter: Tc(max) = (2N  ─  lo k y les.   T (avg) = Tc(max) / 2 clock cycles. 

Major disadvantage of digital ramp ADC is that it is not suitable for where the repetitive A/D conversion of a 

fast changing analog signal occurs. In this method the conversion time essentially doubles for each bit that is 

added to the counter. 

SUCCESSIVE-APPROXIMATION ADC (SAC): 

 

Basic arrangement is similar to digital ramp 

ADC except that, instead of counter SAC uses 

a control register. The control logic modifies 

the contents of the register bit by bit until 

the register data are the digital equivalent of 

the analog input VA within the resolution of 

the converter. 

Most widely used ADC. Circuitry is more 

complex  but much shorter conversion time 

Operation of 4-it SAC using DAC step size of 1Volt and VA = 10.4 Volts: 

  

Operation: Let assume that the analog input is VA=10.4V.  

At time T0, VAX = 0V, i.e VA > VAX, comparator output is HIGH. Control logic clearing all bits so, 

Q3=Q2=Q1=Q0=0 ie [Q]= 0000. 

At time T1, control logic (CNTL) sets MSB = 1. So [Q]= 1000. This produces VAX = 8V. Since,  VA > VAX, 

comparator output is HIGH. This HIGH tells the CNTL logic that the setting of MSB did not make VAX exceeds 

VA, so that MSB is kept at 1. 
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Now, CNTL logic proceeds to next lower bit, Q2. Q2=1 to produce [Q] = 1100 and VAX = 12V at time T2. Since 

VAX > VA, comparator output goes LOW. The value of VAX is too large, so CNTL logic then clears register 

contents back to 1000 ie VAX = 8V. Thus, at T3, VAX = 8V. 

At time T4, CNTL logic sets the next lower bit Q1 = 1, ie [Q] = 1010 and VAX = 10V.             With VA > VAX, 

comparator output is HIGH and tells the CNTL logic to keep Q1 set at 1. 

Final step, time T5, CNTL logic sets the next lower bit Q0 =1 ie [Q] = 1011 and VAX = 11V. Since VAX > VA, 

comparator goes LOW to signal that VAX is too large, and the CNTL logic clears back Q0 to 0 at time T6. 

At this point, all of the register bits have been processed, the conversion is complete and the CNTL logic 

activates (EOC ’ output to sig al that is digital e ui ale t of VA is now in the register. So, digital output for VA = 

10.4V is [Q] = 1010. 

Conversion time,Tc, for SAC: The control logic goes to each register bit, set it to 1, decides whether or not to 

keep it at 1, and goes on to the next bit. The processing of each bit takes one clock cycle, so that the total 

conversion time for an N-bit SAC will be N-clock cycles. 

Tc = N x 1 clock cycles 

FLASH ADC: It is the highest speed ADC, but its circuitry requires much more than other types ADC. Example: 

6-bit flash ADC requires 63 analog comparators; 8-bit requires 255 comparators. 

3-Bit Flash Converter: 

 
Operation: 3-bit flash converter has a resolution (step size) of 1V. Voltage divider set up a reference levels for 

each comparator, so that there are seven levels corresponding to 1V       (weight of LSB), 2V, 3V, 4V, 5V, 6V and 

7V (Full Scale). Analog input is connected to other input of each comparator. 3-bit flash converter ADC 

operation table is shown below: 
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Analog In Comparator outputs Digital Outputs 

(VA) C1 C2 C3 C4 C5 C6 C7 C B A 

0V -1V 1 1 1 1 1 1 1 0 0 0 

1V - 2V 0 1 1 1 1 1 1 0 0 1 

2V - 3V 0 0 1 1 1 1 1 0 1 0 

3 V- 4V 0 0 0 1 1 1 1 0 1 1 

4V - 5V 0 0 0 0 1 1 1 1 0 0 

5V - 6V 0 0 0 0 0 1 1 1 0 1 

6V - 7V 0 0 0 0 0 0 1 1 1 0 

>7V 0 0 0 0 0 0 0 1 1 1 

TABLE of 3-bit Flash Converter ADC 

With VA < 1V, all comparator output is HIGH. With VA > 1V, one or more comparators output will be LOW. 

Comparator output is feed into active low priority encoder that generates a binary output corresponding to 

the highest numbered comparator output, that is LOW. For example, if VA is between 3V – 4V, output C1, C2 

and C3 will be LOW and all others are HIGH. Priority encoder will respond only to the LOW at C3 and will 

produce binary output CBA = 011. 

Conversion Time, Tc of flash converter: Flash converter uses no clock signals. Conversion time depends only on 

the propagation delays of the comparators and encoder logic. So, flash converter has extremely short 

conversion times. 

ADC USING VOLTAGE TO FREQUENCY CONVERTER:  

  
Voltage to frequency ADC does not require DAC. Instead it uses a linear voltage controlled oscillator (VCO), 

that produces an output frequency that is proportional to its input voltage. The analog input (Vin) that is to be 

converted is applied to the VCO to generate the output frequency. This frequency is fed to the counter to be 

counted for a fixed time interval (VEN). The final count is proportional to the value of the analog voltage. Circuit 

diagram of ADC using V-F converter shown in figure. 

Operation: The Vin is applied to an integrator whose output is applied at the inverting terminal of a 

comparator. Non-inverting terminal is connected to –Vref. When switch S is open, Voltage Vout decreases 

linearly with time. Thus AND gate is disabled as long as Vout < Vref. As soon as Vout = Vref, the output Vc 

becomes positive, enabiling AND gate and hence counter starts counting. When the switch S is closed, the 

capacitor discharges and thereby returning the integrator output, Vout, to zero. After the delay time of 

multivibrator the switch S is again open and Vout starts decreasing again and ADC repeats its function. 

SAMPLE AND HOLD CIRCUIT: 

When an analog voltage is connected directly to the input of an ADC, the conversion process can be affected if 

the analog voltage is changing during the conversion time. This stability of conversion process can be 

improved by using a sample-and-hold circuit to hold the analog voltage constant while the A/D conversion is 

taking place. 
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Sample and hold circuit contains a unity gain buffer amplifier A1 that presents a high impedance to the analog 

signal and low output impedance that can rapidly charge the hold capacitor, Ch . Capacitor Ch is connected to 

output of A1 when digitally controlled switch is closed. This is called sample operation. The switch is closed 

long enough for Ch to charge to the current value of the analog input. 

When switch opens, Ch will hold this voltage so that the output of A2 will apply this voltage to the ADC. The 

unity gain buffer amplifier A2 presents high input impedance that will not discharge the capacitor voltage 

during the conversion time of the ADC. 

DIGITAL TO ANALOG CONVERSION (DAC): 

DAC is the process of taking digital code as input and converting it to a voltage or current that is proportional 

to digital value. 

 

TABLE of 4-bit DAC: 

Inputs Output 

D C B A Vout 

0 0 0 0 0 
0 0 0 1 1 
0 0 1 0 2 
0 0 1 1 3 
0 1 0 0 4 
0 1 0 1 5 
0 1 1 0 6 
0 1 1 1 7 
1 0 0 0 8 
1 0 0 1 9 
1 0 1 0 10 
1 0 1 1 11 
1 1 0 0 12 
1 1 0 1 13 
1 1 1 0 14 
1 1 1 1 15  

From the block diagram of 4-bit DAC ,Vref as input is used to determine the full scale output or maximum 

value that DAC can produce. For each input number, DAC output voltage is unique value. In general, Analog 

output (Vout) = K x Digital Input; Where, K is proportionality constant. In above block , DAC has K=1, so that, 

Vout = 1 x Digital Input. 

Example: For digital input (1100)2 = (12)10 , we obtain Vout = 1 x 12 = 12V. 

RESOLUTION OR STEP SIZE OF DAC: Resolution of DAC is defined as the smallest change that can occur in the 

analog output as a result of a change in the digital input. Resolution is always equal to the weight of the LSB 

and also referred to as step size, since it is the amount that Vout will change as the digital input value is 

changed from one step to the next. 

Resolution= K = AFS / (2n – 1) where, AFS  is analog full scale output; n is the number of bits  

% Resolution = (Step size / AFS ) x 100    OR    % Resolution = (1 / Total no. of steps ) x 100   

DAC USING OP-AMP SUMMING AMPLIFIER WITH BINARY WEIGHTED RESISTOR: 

Vref = 15V 
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Resisto  R  = KΩ 

Resisto  R  = KΩ 

Resisto  R  = KΩ 

Resistor RF = 8KΩ 

 

From the above figure, opamp as summing amplifier, inputs A, B, C and D are binary inputs that are assumed 

to have a values either 0V or 5V. OP-AMP as summing amplifier, which produces the weighted sum of the 

input voltages. So that,                                                       Vout = ─ VD + 1/2 VC + 1/4 VB + 1/8 VA) 

  So, the summing amplifier output is the analog voltage which represents a weighted sum of the digital inputs. 

The resolution of this DAC using opamp as summing amplifier using binary weighted resistor, is equal to the 

weighting of the LSB, which is 1/8 x 5 = 0.625V. 

DAC USING R/2R LADDER CIRCUIT: 

In R/2R ladder circuit, the resistor values span a range of only 2 to 1. 

 
In R/2R ladder network, only two different values are used, R and 2R. Current Iout depends on the positions of 

the 4- switches and the binary inputs B3, B2, B1 and B0, which controls the states of the switches. 

Vout = ─Vref / 8) x B he e B  alue of i a y i put f o   to . 
 

Example: Assume the Vref = 5V. What are the resolution and full scale output of this R/2R converter? 

Solution: Resolution is equal to weight of LSB. Suppose, [B] = 0001 = (1)10  

Resolution = (-5V x 1)/ 8 = -0.625V. 

The full scale output occur for [B]=1111 = (15)10 

So, full scale output =  (-5V x 15)/8 = -9.375V. 

Display devices ,7 and 16 segment LED display, LCD. 

A display device is an output device for appearance of information. When the input information is supplied 

has an electrical signal  the display is called an electronic display. 

Display devices use a different of technologies to produce visual information. Because each technology has 

distinctive benefits and drawbacks. 
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An output device is any device which used to show or send data from a computer to user. Most computer data 

output that is meant for humans is in the form of audio or video.  

Examples include monitors, projectors, speakers, headphones and printers. 

Segment displays 

Displays can show digits and alphanumeric . They are called segment displays. These display are composed of 

several segments that switch on and off to give appearance of desired design.  

The segments are frequently single LEDs or liquid crystals.  

The general use of seven segments in digital watches and pocket calculators.  

There are several types: 

The common segment displays shown side by side: 

7-segment, 9-segment, 14-segment and 16-segmentdisplays. 

7-segment display 

 The 7-segment display consists of seven LEDs . Each of the seven LEDs is called a segment because when 

illuminated the segment forms part of a numerical digit (both Decimal and Hex) to be displayed.  

 An additional 8th LED is sometimes used within the same package thus allowing the indication of a decimal 

point. 

 Each seven LEDs in the display is given a positional segment with one of its connection pins being brought 

straight out of the rectangular plastic package.  

 Forward biasing the suitable pins of the LED segments in a particular order some segments will be light and 

others will be dark allowing the desired character pattern of the number to be design on the display. This 

then allows us to display each of the ten decimal digits 0through to 9 on the same 7-segment display. 

 The displays common pin is generally used to identify which type of 7-segment display it is.  

 LED has two connecting pins, one called the anode and cathode. 

 There are two types of LED 7-segment display called:  

 Common Cathode (CC) and Common Anode (CA) 

The difference between the two displays as their name suggests is that the common cathode has all the 

cathodes of the 7-segments connected directly together and the common anode has all the anodes of the 7-

segments connected together and is illuminated as follows. 

1. The Common Cathode (CC) – In the common cathode display, all the cathode connections of the LED 

segments are joined together to logic 0 or ground. The individual segments are illuminated by application of a 

high or logic 1 signal via a current limiting resistor to forward bias the individual Anode terminals (a-g). 

Common Cathode 7-segment Display 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. The Common Anode (CA) – In the common anode display, all the anode connections of the LED segments 

are joined together to logic 1. The individual segments are illuminated by applying a ground, logic 0 or low 

signal via a suitable current limiting resistor to the Cathode of the particular segment (a-g). 
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Common Anode 7-segment Display 

 

 

 

 

 

 

 

 

 

 

 

 

LCD  

 LCD (liquid crystal display) is the technology used for displays in notebook and other smaller computers.  

 light-emitting diode and gas-plasma technologies, LCDs allow displays to be much thinner than cathode ray 

tube technology.  

 LCDs consume much less power than LED and gas-display displays because they work on the principle of 

blocking light rather than emitting it. 

 An LCD is made with either a passive matrix or an active matrix display grid.  

 The active matrix LCD is also known as a thin film transistor display. 

 The passive matrix LCD has a grid of conductors with pixels located at each intersection in the grid. 

 A current is sent across two conductors on the grid to control the light for any pixel. 

 An active matrix has a transistor located at each pixel intersection, requiring less current to control the 

luminance of a pixel. For this reason, the current in an active matrix display can be switched on and off 

more frequently, improving the screen refresh time  

 Some passive matrix LCD's have dual scanning, meaning that they scan the grid twice with current in the 

same time that it took for one scan in the original technology. However, active matrix is still a superior 

technology. 

 

 

Digit a b c d e f g 

0 × × × × × ×   

1   × ×         

2 × ×   × ×   × 

3 × × × ×     × 

4   × ×     × × 

5 ×   × ×   × × 

6 ×   × × × × × 

7 × × ×         

8 × × × × × × × 

9 × × ×     × × 
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.                 

+ Vcc                common cathode 
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