
 

DC VOLTAGE REGULATORS: 

regulator, adjustable output 

circuit voltage regulators. 
 

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

 

Regulator Action 

The dc voltage regulator is a part of a regulated power supply device. The input to the 

regulator is a rectifier output i.e. unregulated signal.

 

The regulator produces a constant output voltage regardless of variations in the line 

voltage, and produces widely varying load currents without a significant change in the 

output voltage. 

that can be provided by the regulator is normally 3V less than Vs(min).

 

Regulator performance 

 

Theoretically regulator  

• should produce constant output irrespective of the changes in the input voltage 

and load current.  

• There should be no ac ripple voltage at the output
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Voltage regulators basics 

 

The dc voltage regulator is a part of a regulated power supply device. The input to the 

t i.e. unregulated signal. 

The regulator produces a constant output voltage regardless of variations in the line 

voltage, and produces widely varying load currents without a significant change in the 

 

as shown here, the rectifier 

output consists of 

voltage in addition to the dc 

voltage. 

 

As shown here, the output 

voltage is Vo is lower than 

the minimum level of the 

supply voltage. The 

maximum dc output voltage 

that can be provided by the regulator is normally 3V less than Vs(min). 

should produce constant output irrespective of the changes in the input voltage 

There should be no ac ripple voltage at the output 
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The dc voltage regulator is a part of a regulated power supply device. The input to the 

The regulator produces a constant output voltage regardless of variations in the line 

voltage, and produces widely varying load currents without a significant change in the 

as shown here, the rectifier 

onsists of ripple 

voltage in addition to the dc 

As shown here, the output 

voltage is Vo is lower than 

the minimum level of the 

supply voltage. The 

maximum dc output voltage 

should produce constant output irrespective of the changes in the input voltage 



 

In practice  

• Output voltage is affected to some extent by 

voltage 

• There will be some output ripple

 

Hence the performance of regulator is usually 

1. Line regulation 

2. Load regulation 

3. ripple rejection

 

Line regulation defines the changes in output voltage, whe

by a 10 %. 

Load regulation defines the changes in output voltage, when the load current changes 

from 0 to maximum value. 

 

Ripple Rejection is a measure of how much the voltage regulator attenuates the supply 

voltage ripple. It is usually expressed in decibles.

 

 

Voltage Follower Regulator

 

Output voltage is affected to some extent by variations in load current and supply 

There will be some output ripple 

Hence the performance of regulator is usually defined interms of  

Line regulation  

Load regulation  

ripple rejection 

defines the changes in output voltage, when the supply voltage changes 

 
defines the changes in output voltage, when the load current changes 

 
is a measure of how much the voltage regulator attenuates the supply 

It is usually expressed in decibles. 

 

Voltage Follower Regulator 

 

 

The voltage follower 

regulator is obtained by 

using a zener diode and and 

an op-amp as a voltage 

follower.  

 

The transistor Q1 is used to 

provide a load current 

larger than the maximum

supplied by the op

alone 

 

The capacitor at the output 

is used to suppress any 

oscillations likely to occur.

2 

variations in load current and supply 

n the supply voltage changes 

 
defines the changes in output voltage, when the load current changes 

is a measure of how much the voltage regulator attenuates the supply 

The voltage follower 

regulator is obtained by 

using a zener diode and and 

amp as a voltage 

The transistor Q1 is used to 

provide a load current 

larger than the maximum 

supplied by the op-amp 

The capacitor at the output 

is used to suppress any 

oscillations likely to occur. 



 

 

Since the op-amp non-inverting terminal is connected to the zener diode, the output 

voltage Vo is equal to zener voltage Vo.

 

Performance  

 

When the supply voltage changes 

• The voltage drop across R1 changes by the same amount and the zener diode 

current changes. This causes slight change in Vz, and because Vo = Vz, the 

output also changes 

 

 

As it shown in the equations, the op

However, if the op-amp were not present, the transistor parameters would have to be 

taken into account. 

 

inverting terminal is connected to the zener diode, the output 

voltage Vo is equal to zener voltage Vo. 

When the supply voltage changes  

The voltage drop across R1 changes by the same amount and the zener diode 

current changes. This causes slight change in Vz, and because Vo = Vz, the 

As it shown in the equations, the op-amp has no-effect in the performance of the circuit

amp were not present, the transistor parameters would have to be 

Adjustable output regulator 

 

This circuit is used 

to produce an output 

voltage which is 

greater than the 

zener diode voltage. 

The voltage across 

resistor R3 is always 

is always equal to 

3 

inverting terminal is connected to the zener diode, the output 

The voltage drop across R1 changes by the same amount and the zener diode 

current changes. This causes slight change in Vz, and because Vo = Vz, the 

 

fect in the performance of the circuit. 

amp were not present, the transistor parameters would have to be 

This circuit is used 

to produce an output 

voltage which is 

greater than the 

diode voltage. 

The voltage across 

resistor R3 is always 

is always equal to 



 

the zener diode voltage. 

 

If VR3 is greater than Vz, the op

equal to Vz. 

If VR3 is lesseser than Vz, the op

until VR3 is equal to Vz. 

 

The op-amp is referred to as an error amplifier beacause it amplifier any error in the 

output to keep the output stabilized at the desired level.

 

Using a potential divider (R2 and R3) in the volt

circuit output voltage to be larger than the zener voltage.

 

The output voltage can be adjusted by including potentiometer R4 between R2 and R3, as 

shown in the figure above. 

 

 

This equation can be used to measure the performance of regulator. 

 

requirement, op-amp non-inverting input terminal is connecte

the positive supply terminal of the op

voltage. 

When the supply voltage varies

is corrected by a small change in the regulated 

potential divider and amplified by the open circuit gain (M) of the op

, the op-amp output would reduce that reduces Vo until VR3 is 

, the op-amp output would increase in the positive direction 

amp is referred to as an error amplifier beacause it amplifier any error in the 

output to keep the output stabilized at the desired level. 

Using a potential divider (R2 and R3) in the voltage follower regulator circuits allows 

circuit output voltage to be larger than the zener voltage. 

 
 

The output voltage can be adjusted by including potentiometer R4 between R2 and R3, as 

 

This equation can be used to measure the performance of regulator.  

Precision Voltage Regulator 

 

the adjustable voltage regulator 

and voltage follower regulator are 

very sensitive to the variations in 

the supply voltage which results 

in variations in output voltage.

 

To reduce the variations at the 

output, the zener diode is 

connected at the output. 

 

For the proper operation of the 

circuit, the op-amp output must be 

more positive. To  meet this 

inverting input terminal is connected to the output. Therefore, 

the positive supply terminal of the op-amp remains connected to the positive supply 

When the supply voltage varies, it tends to change the op-amp output voltage. But this 

is corrected by a small change in the regulated output, which is attenuated by the 

potential divider and amplified by the open circuit gain (M) of the op-amp 

4 

amp output would reduce that reduces Vo until VR3 is 

crease in the positive direction 

amp is referred to as an error amplifier beacause it amplifier any error in the 

age follower regulator circuits allows 

The output voltage can be adjusted by including potentiometer R4 between R2 and R3, as 

the adjustable voltage regulator 

and voltage follower regulator are 

very sensitive to the variations in 

the supply voltage which results 

put voltage. 

To reduce the variations at the 

output, the zener diode is 

connected at the output.  

For the proper operation of the 

amp output must be 

more positive. To  meet this 

d to the output. Therefore, 

amp remains connected to the positive supply 

amp output voltage. But this 

output, which is attenuated by the 



 

 

When a large current is demanded from a regulator

too large to be supplied by the op

 

 

To reduce this base current, another transistor is connected at the base of Q1, so Q1 and 

Q2 form a Darlington circuit, as shown in figure

 

Integrated Circuit Voltage Regulators

 

The 723 IC Regulator 

This IC consists of voltage reference source (D1)

transistor (Q1), and a current limiting transistor (Q2). The zene

it gives an output Vz at pin 9.

 

 
When a large current is demanded from a regulator, the base current to Q1

too large to be supplied by the op-amp.  

 

se current, another transistor is connected at the base of Q1, so Q1 and 

Q2 form a Darlington circuit, as shown in figure 

  

The opamp output current is  

 

 

When the load current is zero, the base 

current of Q1 can be very low. This is also the 

emitter current for Q2 and it may not be large 

enough to keep Q2 operating satisfactorily. 

Then the R5 can be calculated as ,

 

 

Integrated Circuit Voltage Regulators 

 

the dual in package 723 IC regulator is shown in 

figure.  

 

This IC can be used to regulate positive and negative 

voltages ranging from 2V to 37V and output currents 

upto 150mA, the maximum supply voltage is 40V, 

and the line and load regulation are specified as 

0.01%. 

 

This IC consists of voltage reference source (D1), an error amplifier (A1), a series pass 

transistor (Q1), and a current limiting transistor (Q2). The zener diode (D2) is used to and 

it gives an output Vz at pin 9. 
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, the base current to Q1 may be 

se current, another transistor is connected at the base of Q1, so Q1 and 

 

When the load current is zero, the base 

current of Q1 can be very low. This is also the 

emitter current for Q2 and it may not be large 

enough to keep Q2 operating satisfactorily. 

Then the R5 can be calculated as , 

 

the dual in package 723 IC regulator is shown in 

This IC can be used to regulate positive and negative 

voltages ranging from 2V to 37V and output currents 

150mA, the maximum supply voltage is 40V, 

and the line and load regulation are specified as 

, an error amplifier (A1), a series pass 

r diode (D2) is used to and 
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723 as a positive regulator 

The 1000 pF capacitor is connected 

between the error amplifier output and its 

inverting terminal to prevent the 

regulator from oscillating. 

 

By selecting appropriate values for R1 

and R2 resistors, the regulator output can 

be set to any voltage between 

approximately 7V and 37V.  

 

A potentiometer can be used between 

R1 and R2 to make the output voltage 

adjustable.  

 

 

 

 

723 as a negative regulator 

To operate the regulator with the 

negative voltage, an external 

transistor (Q3) is used and its base is 

connected to terminal 9. 

 

The resistors R3 and R4 are made 

equal, so the reference voltage is 

porentially divided to approximately 

3.5V.  

 

V0 = 3.5V (R1+R2) / R1 

 

 

 

LM 217 and LM 237 IC regulators 

 

 

 

 

 



 

The LM 217 and LM237 a

positive and  negative voltages

 

As shown in the figure, input is given to Vs and output is taken from other terminal.

 

The third terminal is used to provide output voltage a

 

 

The internal reference voltage 

terminals, thus  

 

To determine suitable resistance values for R1 and R2 for a desired output voltage, 

• I1 is first selected to be much larger than t

terminal of the device

• Typically 100 uA , as per data sheet

• Resistors are calculated using above equations

 

The capacitor C1 is included to reduce the 

improve the transient response

1000 uF. 

 

To avoid a high amplitude output ripple

• The supply voltage at the lowest point on the ripple waveform should be at least 

3V greater than the regulated output 

• The total power dissipationi in the device should be calculated to ensure the 

satisfied operation 

o Typically 200 mW 

 

 

LM 340 Three terminal regulators

 

LM 217 and LM237 are three terminal ICs which and can be used to regulate 

negative voltages respectively. 

shown in the figure, input is given to Vs and output is taken from other terminal.

third terminal is used to provide output voltage adjustment. 

internal reference voltage is typically 1.25V and it appears across the ADJ and out 

 

Vo = Vref (R1 + R2) / R1 

determine suitable resistance values for R1 and R2 for a desired output voltage, 

I1 is first selected to be much larger than the current that flows in the adjustment 

terminal of the device 

, as per data sheet 

are calculated using above equations 

capacitor C1 is included to reduce the oscillations. The capacitor C2 is used to 

response of the regulator. Typically C1 = 0.1 uF and C2 = 1uF to 

avoid a high amplitude output ripple 

supply voltage at the lowest point on the ripple waveform should be at least 

3V greater than the regulated output voltage 

total power dissipationi in the device should be calculated to ensure the 

200 mW  

LM 340 Three terminal regulators 
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al ICs which and can be used to regulate 

shown in the figure, input is given to Vs and output is taken from other terminal. 

is typically 1.25V and it appears across the ADJ and out 

determine suitable resistance values for R1 and R2 for a desired output voltage,  

he current that flows in the adjustment 

capacitor C2 is used to 

C1 = 0.1 uF and C2 = 1uF to 

supply voltage at the lowest point on the ripple waveform should be at least 

total power dissipationi in the device should be calculated to ensure the 
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The LM 340 is a three terminal positive regulators with fixed output voltages ranging 

from a low of 5V to high of 23V.  

 

The regulator is selected for the desired output voltage. The capacitor C1 is used to avoid 

oscillations and C2 is used is to inprove transisent response,  

 

From the datasheet 

• Output current is 1 A 

• Tolerance on output voltage is ±2% 

• Line regulation is 0.01 % per output volt 

• Load regulations is 0.3% per amp of load current 

• Includes current limiting methods 

• Includes thermal shutdown 

 

Important questions 
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