
Unit – III  

Signal processing circuits 

 

SIGNAL PROCESSING CIRCUITS: Precision half wave & full wave rectifiers, 

limiting circuits, clamping circuits, peak detectors, sample &hold circuit. DAC and ADC 

(Flash and successive approximations) 

************************************************************************ 

Limiting Circuits 

 

Peak Clipper 

  

In this circuit two back to back connected zener 

diodes are used in the feedback path, that one diode is 

forward biased and the other is reverse biased. The 

clipping is achieved when the output voltage is greater 

than (Vz + VF) where Vz is the zener break down 

voltage and  VF is the forward voltage drop. 

 

 
 

Figure 2.1 : clipper circuit diagram     

 

When the input voltage is increased from 

zero, the circuit behaves like an inverting 

amplifier and diodes has no effect in the 

operation and the output is as same as input in 

the opposite direction. When the output 

voltage is sufficient to drive diode D2 into 

forward bias and diode D1 in reverse biased, the 

negative feedback maintains the voltage at the 

inverting terminal is approximately equal to the 

non-inverting voltage and the output cannot 

exceed - (Vz + VF). Thus the output waveform is 

clipped at the level of  - (Vz + VF) and vice versa. 
Figure 2.2: Clipper waveform 

 

Modifier clipper 

 

This circuit is intent for adjusting the output limiting 

voltage, by using variable resistor R4 in series with R1. The 

zener diodes are connected to the moving contact of 

variable resistor R4. 

 

To understand the operation of the circuit, assume example 

R1=R4=R2 and (Vz + VF) = 4V. 

 

 



Case 1: when the moving contact is at the right side of R4  

 

The value of R4 will be very small, hence the output Vo(max)= Vz + VF = ±4 V 

 

Case 2 : when the moving contact is at the left side of R4 

 

the value of  R4 is maximum, therefore  

 

VR2+VR4 = Vz + VF = ±4 V 

 

If R2 = R4 

 

VR2+VR4 =  ±2 V 

 

Vo(max)= VR2 = ±2 V 

 

Thus by using the moving contact, the clipping level of the circuit can be adjusted 

between ±2 V and ±4 V .  

 

In general when R2 = R4 the clipping level obtained from this circuit ranges from ±( Vz +  

VF ) / 2  to ±( Vz + VF ) volts. 

 

Design of a peak clipper circuit 

 

1. Zener diodes are selected first to the limit the output voltage level 

2. inverting amplifier is designed for the desired voltage gain 

3. the resistor current must be greater than the minimum level required for zener 

break down, typically around 0.5mA 

 

 

Dead Zone Circuit 

 

  

 The dead zone circuit is constructed by using a 

resistor R1 and a dc voltage source Vref additional to 

the precision half wave rectifier.  

 

In the absence of the R1 and Vref the circuit would 

behave like a precision halfwave rectifier.  In the 

absence of the diodes (i.e. D1 is open and D2 is short 

circuited) it will function as an inverting summer and 

produces the output Vo = - (Vref+Vi) . 

 

When the input Vi =0 and Vref = positive voltage  

In this case the op-amp output goes negative and causing D1  ON and D2 to OFF . The 

dead zone output voltage is zero since there is no current flow in the feedback path. 



When the input is a positive voltage and Vref is a positive voltage 

The voltage at the inverting input is positive i.e. V- =Vi + Vref .  Since the voltage at 

inverting input is again positive the op-amp  output voltage is negative that causes D1 to 

ON and D2 to OFF. As there is no current flow in the feedback path the dead zone out is 

zero. 

 

When the input is a negative voltage and Vref is a positive voltage 

 

When |Vi | < Vref  

To understand this condition, assume Vref = 1V and 

Vi = - 0.5 V then V- = -0.5 + 1V = + 0.5, again the 

input is positive the op-amp output voltage is 

negative that causes D1 to ON and D2 to OFF. As 

there is no current flow in the feedback path the 

dead zone out is still zero. 

 

When |Vi | > Vref 

In this case let us assume Vref = 1V and Vi = -2V 

then V- = -2V + 1V = -1 V, now the input voltage at 

the inverting input is negative and op-amp output is 

positive, that causes the diode D1 OFF and D2 ON. 

In this situation there is a current flow through R3 

and the dead zone output is the increased in the 

positive direction.  
Figure 2.3: Dead zone waveforms 

To drive the output terminal in a positive direction, Vi must be negative and have a level 

greater than the positive level of Vref.  

 

As illustrated in the above figure the dead zone output is the peak portion of the negative 

input that exceeds the reference voltage level. Only this part of the input is passed and 

inverted. All other portions of the input wave have no effect on the output. 

 

The ineffective portions of the input are said to occupy a dead zone. 

 

Precision Clipper 
 

the precision clipper is made up 

of combining dead zone circuit 

and an inverting summer. 

 

Dead zone output is applied to 

the terminal b of the summing 

circuit. Input voltage Vi is 

applied to the terminal a of a 

summing amplifier.  

 
Figure 2.4: Precision clipper circuit diagram 



 

  

When the input is positive and vref = positive voltage  

The voltage at terminal a is equal to the input voltage and the dead zone output is zero at 

terminal b, thus the precision clipper 

circuit output is inverted version of the 

input signal i.e Vo = - (Vi+0).  

 

When the input is negative and Vref is a 

positive voltage  

 

Case 1: When the input is |Vi | < Vref 

and Vref is a positive voltage  

The voltage at terminal a is equal to the 

input voltage and the dead zone output  is 

zero at terminal b, now the precision 

clipper output follows the input in the 

reverse direction .    Figure 2.5: Precision clipping waveforms 

 

Case 2: When the input is |Vi | > Vref and Vref is a positive voltage  

The voltage at terminal a is equal to the input voltage and the dead zone circuit provides 

output in the positive direction, as the inverting summer adds these two voltages. The 

output is limited to V0 = - (Va+Vi). 

 

Precision Plus / Minus Clipper 

 

The precision Plus / Minus clipper is 

as same as precision clipper, but with 

the addition of a third input to the 

summing circuit and an additional 

dead zone circuit, with the polarity of 

its diodes and reference voltage 

reversed.  

 

The output of the additional dead zone 

circuit is applied to the c terminal of 

the summer 

 

 

 
Figure 3.6: Dead Zone circuit diagram 

 

 

 

 

 



When the input is positive half cycle with vref to A1 is positive and Vref to A2 is 

negative.  

 

Case 1: When Vi< |Vref |  

the voltage at terminal a is as same as input and the voltage at terminal b is zero and the 

voltage at the terminal c is zero , as the summer combines all of these inputs , the output 

of the clipper is as same as the input. 

Case 2: When  Vi> |Vref |  

 

the voltage at terminal a is as same as 

input and the voltage at terminal b is zero 

and the voltage at the terminal c is dead 

zone circuit output in the negative 

direction, then summer combines these 

voltages and produces the output that is 

limited to Vo = - (Va+Vb+Vc)  

 

When the input is negative half cycle 

with vref to A1 is positive and Vref to 

A2 is negative.  

 

Case 1: When  Vi< Vref  

 

the voltage at terminal a is as same as 

input and the voltage at terminal b is zero 

and the voltage at the terminal c is zero ,      Figure 3.7 : Precison plus /  minus clipper output 

as the summer combines all of these inputs , the output of the clipper is as same as the 

input. 

 

Case 2: When  |Vi| > Vref  

 the voltage at terminal a is as same as input and the voltage at terminal b is dead zone 

circuit output in the positive direction and the voltage at the terminal c is zero, then 

summer combines these voltages and produces the output that is limited to   

Vo = - (Va+Vb+Vc) . 

 

The output is with both peaks precisely clipped at the levels of the reference voltages 

 

 

Clamping Circuits 

Diode clamping circuits 

 

The clamping network is one that will 

“clamp” a signal to a different dc level. The 

figure shows the diode clamping circuit. It 

consists of diode, capacitor, and few 

resistors. 



 

 
Figure 3.8: diode clamping circuit 

 

When the input is positive 

The diode D1 is forward biased and capacitor C1 charges with the indicated polarity to 

the level of peak input voltage (Vp), so the voltage across capacitor is  Vc1 = Vp – VF 

 

The output voltage cannot exceed the voltage drop across the forward biased diode (Vo = 

VF).  

 

When the input is negative 

The diode D1 is reverse biased and the input and the capacitor voltages combine to 

produce an output of  
 

 

 

As illustrated, the output waveform has the same peak to peak 

amplitude as the input, but its upper level is clamped at + VF 

and the lower level is clamped at -2Vp + VF.  

 

The function of resistor R1 is to ensure that the capacitor 

discharges when the peak input voltage drops to a lower value. 
Figure 3.9: input output waveforms 

 

R1 produces tilt on the unclamped peak of the output. This can be minimized by keeping 

R1 as large as possible. Any load resistor RL that is connected in parallel to R1 will 

increase the tilt.  

 

Precision Clamping Circuit 

 

The opamp circuit in this 

configuration functions as ideal diode. 

A capacitor is connected in series to 

R1.  

 

When the input is positive peak  

The op-amp output goes to negative, 

resulting in diode D2 being forward  

 
Figure 3.10 : Precision clamping circuit using op-amp and input output waveforms 

 

biased and D1 being reverse biased. Due to the virtual ground the voltage at inverting 

terminal is within microvolts of the ground level) , so the circuit output is held close to 

ground level and C1 charges via D2 to +Vp. The output voltage at this time is Vo = 0. 

 

When the input is negative peak 



The negative voltage at the inverting input causes the op-amp output terminal to move in 

a positive direction, reversing D2 and forward biasing D1. Now, negative feedback via D1 

keeps the op-amp inverting input terminal close to the level of the grounded non inverting 

input terminal. With D2 reverse biased, the circuit output is completely free to move in a 

negative direction, giving an output of  Vo = Vi + VC1 = -Vp + (-Vp) = -2Vp . 

 

Biased Clamper 

 

 

By including a 

bias voltage (VB) 

at the non 

inverting input 

terminal, as 

shown in figure, 

allows the output 

to be clamped at 

the level of VB.  
Figure 3.10 : Biased precision clamping circuit using op-amp and input output waveforms 

 

The same can be obtained by connecting an external DC voltage source.   

 

As in the case of the diode clamping circuit, resistor R1 constitutes a load that tends to 

discharge the capacitor and create tilt on the unclamped peak of the output waveform. 

The value can be calculated to produce an acceptable amount of tilt.  

 

Design of the clamping circuit includes finding the capacitor C1 and resistor R1 values 

 

When the input is positive the capacitor charges through the signal source resistance Rs. 

Allowing that the capacitor should be completely charged from zero to Vp in five cycles 

of the input waveform.  

 

 

Here a square wave has been used to simplify the circuit explanation, the clamping 

circuits also functions with sinusoidal and other waveforms. 

 



 

 

Peak Detector 

a peak detector circuit monitors an input signal and holds its output voltage at the peak 

value of the input. 

 

A very simple peak detector is constructed by using a diode and 

capacitor.  

When the input voltage increases to its peak value Vp,  

The capacitor is charged to (Vp- VF). 

 
Figure 3.11 : diode peak detector circuit input output waveforms 

 

When the input falls below Vp,  

The diode D1 is reverse biased and since there is no 

resistor for discharging C1 retains its charge. 

 

One of the important disadvantages of the diode peak 

detector is that the diode voltage drop introduces 

considerable error. Hence we need a precision peak 

detector circuit to overcome this error.                           
Figure 3.12 :  input output waveforms 

 

Peak detector using a precision rectifier circuit 

 

This circuit is constructed by combing precision 

rectifier circuit, holding capacitor C1 and a 

voltage follower. 

 

As we know when the input is positive, precision 

rectifier output is zero. 

 
Figure 3.13 : peak detector circuit using precision rectifier 

 

When the input is negative, precision rectifier output appears in 

positive direction. 

 

When the rectifier output is positive, the holding capacitor 

rapidly charges to the peak of the positive output. When the 

rectifier output is zero, since the holding capacitor connected to 

the voltage follower which offers very high input impedance it 

does not discharge rather I would hold the value stored in it. 

 
Figure 3.14 :  input output waveforms 

 

 



For the proper operation of the circuit, the following requirements should be taken into an 

account while selecting a capacitor  

� Should be kept small for rapid charging 

� Should accurately hold its charge  

� Discharge currents must be kept minimum  

� Minimum acceptable error should be used to calculate the capacitor size 

� If the acceptable holding error is 1%, then the maximum capacitor discharge 

voltage is calculated as 1% of peak voltage 

 

 

For a capacitor discharge voltage Δv, discharge current Id, and holding time th the 

capacitor is calculated as  

 
The maximum charging current should be calculated to arrive at the required maximum 

output current Io(max) from A1.  

 

 

 

 

 

 

When a pulse type input waveform is applied, the op-amp slew rate (The slew rate of the 

op-amp is the maximum rate at which the output voltage can change, expressed in 

V/µsec) must be faster than the maximum rate of change of input signals. 

 

The op-amp maximum SR is  

 SR = 3Vp / tr 

Where Vp- Peak signal voltage  

             tr – Rise time  

 

Voltage Follower Peak Detector 

 

In this circuit diagram A1  is connected as a voltage follower, this circuit offers very high 

input impedance to the 

signal source. 

 

Opamp A2 is also 

connected to function as a 

voltage follower, so the 

output always equals the 

capacitor voltage.   

 
Figure 3.15 : voltage follower based peak detector circuit 

 



With resistor R2 connected from the circuit output to the inverting terminal of A1, Vc also 

appears at that terminal, and so the capacitor voltage changes until Vc = Vi. Thus A1 and 

A2 combined operate as a single voltage follower. 

 

When Vi greater than Vc 

The output of A1 is positive, D2 is forward biased, and A1 

behaves as a voltage follower, charging C1 to Vp. 

 

When Vi falls below Vp 

Vc remains at Vp, and consequently, the inverting input 

terminal of A1 also remains at Vp. therefore output of  
   Figure 3.16 : input output waveform 

Op-amp A1 goes negative, reversing D2 and forward biasing D1. The negative feedback 

via D1 keeps A1 from going into saturation. 

 

The design of this circuit involves selecting op-amp, diode, and finding capacitor size and 

op-amp SR 

� Op-amp 

� A2 – BIFET & A1 – any type 

� Diode 

� D2 should have very low reverse leakage current (IR(D2)) 

� Maximum of 1µA 

� Capacitor  

� C1 should have a very high resistance dielectric  

                   
• Slew Rate 

                   SR = 3Vp / tr 

• Io(max) 

              

                     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Sample and Hold Circuits 

 

Sample and Hold Circuit samples instantaneous amplitudes of a signal voltage at 

any point in its waveform and holds the voltage level constant until the next sample 

is acquired. 

This arrangement is very similar 

to the peak detector circuit. The 

FET switch Q1 is included to 

alternately connect and 

disconnect the capacitor at the 

out of op-amp A1. When Q1 is 

switched on, A1 and A2 act as a 

single voltage follower.  

 
Figure 3.17 :sample and hold circuit 
 

The inverse – parallel connected diode D1 and D2 are used to prevent A1 from going into 

saturation when Q1 is open circuited.  

 

The following are the requirements to design the 

circuit 

 

� The control voltage must go 

sufficiently negative to drive the FET 

gate voltage below its pinch- off 

voltage. It should also go to positive 

level approx equal to Vc to turn on. 

� Opamp A2 should have a very low 

input bias current 

� Q1 should have a very low gate source 

reverse leakage current  

� Capacitor should have a low leakage 

dielectric   Figure 3.18: Sample and Hold Waveforms 

� Q1 should have a low channel resistance for rapid charge and discharge of 

C1 

� Sampling time or acquisition time 

� T1=5CRD(ON)  � 0.7% error 

� T1=7CRD(ON)  � 0.1% error 

 

 

 
Figure 3.19: Sampling time and hold time 

 

If input Vi becomes larger than the capacitor voltage Vc while Q1 is off 

C1 rapidly charges to the level of Vi when Q1 is on 

 



If Vc is initially greater than Vi while Q1 is off 

C1 is discharged to the level of Vi when Q1 is on  

 

When Q1 is off 

Only the input bias current to A2 and the Q1 gate source reverse leakage current are 

effective in discharging the capacitor. So C1 holds the sampled voltage constant until the 

next sample is acquired. 

 

LH0053 IC sample and Hold  

 

This is an integrated circuit 

version of sample and hold 

circuit. It requires only the 

connection of a supply voltage 

and external capacitor and the 

provision of a control voltage 

to switch on Q1 on and off. 

 

The non-inverting terminal of 

Figure 3.20: IC S/H circuit                             the output op-amp is grounded 

and so negative feedback from  

the output via CF keeps the inverting input terminal close to ground.  

 

When Q1 is on  

CF is rapidly charged or discharged to Vi 

The two op-amps combined with resistors R1 and R2 behave as a single inverting 

amplifier circuit, and since R1 = R2, the output voltage Vo = - Vi. 

When Q1 is off 

CF holds its voltage. Feedback keeps the inverting input terminal of the output of the op-

amp close to ground level, and so the output of is voltage across the capacitor. 

 

The error due to capacitor discharge between sample periods is defined in terms of a drift 

rate. This is the capacitor discharge rate, expressed as mV/sec. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

R-2R DAC 

 

 

 

 

 

 

 

 

 

 
Figure 3.21: 3-bit R-2R DAC 

 

The 3-bit DAC circuit uses only two resistor values (R and 2R). this circuit uses a Vref 

and switches that set one end of resistors R1, R3 and R5 either to ground or to the op-amp 

inverting input terminal.  

 

The switches are controlled by the digital input bits so that they are set to ground when a 

bit is absent or to the virtual ground when the bit is present. 

 

The R-2R resistor network can be 

simplified into a single equivalent resistor 

R.  

 

With R= 5Kohms and 2R = 10Kohms, the 

reference source current is  

 

 

 

 
Figure 3.22: 3-bit R-2R DAC with R= 5Kohms and 2R = 10Kohms 

 

The figure shows how the current 2mA is divided in and through of the circuit. When the 

switch is closed the current from that particular branch will be connected to the op-amp 

inverting terminal. Depending on the switch positions, current I1, I3 and I5 add to give Io 

which results in Vo = IoRF The following table shows the result of all combinations of 

digital inputs for 3-bit DAC. 

 
 

Table 3.1 typical input and output for 3-bit DAC with R= 5Kohms and 2R = 10Kohms 



The equation for the analog output from the 3-bit R-2R DAC can be written as  

 

 

 

 

Where d1,d2and d3 are either 1 or 0, depending on the presence or absence of each digital 

input bit. 

 

The equation can be rewritten and expanded for a DAC with any number of digital input 

bits. 

 

 

 

Flash  / Parallel ADC 

 

It is made up of seven voltage comparators, a 

resistive voltage divider biased from a reference 

supply Vref and a priority encoder. 

 

The number of comparators required and the 

number of bias voltage levels is (2
n
 – 1 ). 

 

The resistor network divides the reference 

voltage into seven 1V levels for biasing the 

inverting input terminals of the comparators, 

and the voltage to be converted Vin is applied in 

parallel to 

all of the 

comparator 

non 

inverting 

inputs. 

 
Figure 3.23: 3-bit Flash ADC with priority encoder 

 

When the voltage at the non inverting input 

terminal is higher than voltage at the inverting 

input, the corresponding comparator outputs high 

value. As all comparator outputs are connected to the 

priority encoder, it provides and 3-bit digital output.  

 

The figure shows the construction of Flash ADC 

using windows detectors instead of comparator. The 

windows detector outputs are connected to a diode 

matrix which will produce a digital output.  
Figure 3.23: 3-bit Flash ADC with windows detector 



Each window detector is designed to produce the high output when Vin within ±0.5 V of 

its inverting input terminal bias. 

 

Each window detector has a low level until Vin arrives at the bias level of its inverting 

terminal. When this occurs, the windows detector output is turned high.    

 

When the window detector output is high corresponding diodes are activated and digital 

outputs are obtained at d1, d2 and d3. 

 

Successive approximation ADC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.24: Successive Approximation type ADC 

 

 
 

Figure 3.25: principle of successive approximation 



 

 
 

 


