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Voltage – to current converter with Grounded load: 

This is the other type V – I converter, in which one terminal of the load is connected 

to ground. 

 
 

 

Analysis of the circuit: 

The analysis of the circuit can be done by following 2 steps. 

1. To determine the voltage V1 at the non- inverting (+) terminals and 

2. To establish relationship between V1 and the load current IL . 

Applying KCL at node V1 we can write that, 

Current to Voltage Converter (I –V): 
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Sensitivity of the I – V converter: 

1. The output voltage V0 = -RF Iin. 

2. Hence the gain of this converter is equal to -RF. The magnitude of the gain (i.e) is also 

called as sensitivity of I to V converter. 

3. The amount of change in output volt ∆V0 for a given change in the input current ∆Iin is 

decide by the sensitivity of I-V converter. 

4. By keeping RF variable, it is possible to vary the sensitivity as per the requirements. 

Applications of V-I converter with Floating Load: 

1. Diode Match finder: 
 

In some applications, it is necessary to have matched diodes with equal voltage drops 

at a particular value of diode current. The circuit can be used in finding matched diodes and is 

obtained from fig (V-I converter with floating load) by replacing RL with a diode. When the switch 

is in position 1: (Diode Match Finder) Rectifierr diode (IN 4001) is placed in the f/b loop, the 

current through this loop is set by input voltage Vin and Resistor R1 . For Vin = 1V and R1 = 100Ω, 

the current through this 

I0 = Vin/R1 = 1/100 = 10mA. 

As long as V0 and R1 constant, I0 will be constant. The Voltage drop across the diode can be found 

either by measuring the volt across it or o/p voltage. The output voltage is equal to (Vin + VD ) V0 
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= Vin + VD . To avoid an error in output voltage the op-amp should be initially nulled. Thus the 

matched diodes can be found by connecting diodes one after another in the feedback path and 

measuring voltage across them. 

2. Ze ner diode Tester: 

(When the switch position 2) 

when the switch is in position 2, the circuit becomes a zener diode tester. The circuit can be used to 

find the breakdown voltage of zener diodes. The zener current is set at a constant value by Vin and 

R1. If this current is larger than the knee current (IZK ) of the zener, the zenerr blocks (Vz ) volts. 

For Ex: 

IZK = 1mA , VZ = 6.2V, Vin = 1v , R1 = 100Ω Since the current through the zener is , I0 = Vin/R1 = 

1/100 =10mA > IZK the voltage across the zener will be approximately equal to 6.2V. 

3. When the switch is in position 3: (LED) 

The circuit becomes a LED when the switch is in position 3. LED current is set at a 

constant value by Vin and R1. LEDs can be tested for brightness one after another at this current. 

Matched LEDs with equal brightness at a specific value of current are useful as indicates and 

display devices in digital applications. 

 
Applications of I – V Converter: 
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One of the most common use of the current to voltage converter is 

1. Digital to analog Converter (DAC) 

2. Sensing current through Photodetector. Such as photocell, photodiodes and photovoltaic 

cells. 

Photoconductive devices produce a current that is proportional to an incident energy or light (i.e) It 

can be used to detect the light. 

 
1. DAC using I – V converter: 

It shows a combination of a DAC and current to voltage converter. The 8 digit binary 

signal is the input to the DAC and V0 is the corresponding analog output of the current to voltage 

converter. The outputu of the DAC is current I0, the value of which depends on the logic state (0 or 

1), of the binary inputs as indicated by the following eqn. 

 
This means I0 is zero when all inputs are logic 0. 

I0 is max when all inputs are logic 1. 

The variations in I0 can be converted into a desired o/p voltage range by selecting a proper value 

for RF. since, V0 = I0 RF 

Where I0 is given by eqn (1). It is common to parallel RF with capacitance C to minimize the 

overshoot. In the fig the o/p voltage of the current to voltage converter is positive because the 

direction of input current I0 is opposite to that in the basic I – V Converter. 

2. Detecting current through photosensitive devices: 
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Photocells, photodiodes, photovoltaic cells give an output curren that depends on the 

intensity of light and independent of the load. The current through this devices can be converted to 

voltage by I – V converter and it can be used as a measure of the amount of light. In this fig 

photocell is connected to the I – V Converter. Photocell is a passive transducer, it requires an 

external dc voltage(Vdc). The dc voltage can be eliminated if a photovo ltaic cell is used instead of 

a photocell. The Photovoltaic Cell is a semiconductor device that converts the radiant energy to 

electrical power. It is a self generating circuit because it doesnot require dc voltage externally. Ex 

of Photovoltaic Cell : used in space applications and watches. 

 

 
 

Summing Amplifier: 

 
 

Op-amp may be used to design a circuit whose output is the sum of several input signals. 

Such a circuit is called a summing amplifier or a summer. 

An inverting summer or a non- inverting summer may be discussed now. 

 
 

Inverting Summing Amplifier: 
 

 
 

 

 
A typical summing amplifier with three input voltages V1, V2 and V3 three input resistors 

R1, R2, R3 and a feedback resistor Rf is shown in figure 2. 
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The following analysis is carried out assuming that the op-amp is an ideal one, that is, AOL 

= ∞. Since the input bias current is assumed to be zero, there is no voltage drop across the resistor 

Rcomp and hence the non- inverting input terminal is at ground potential. 

 
To find Rcomp, make all inputs V1 = V2 = V3 = 0. So the effective input resistance Ri = R1 || 

R2 || R3. Therefore, Rcomp = Ri || Rf = R1 || R2 || R3 || R,f. 

 
Non-Inverting Summing Amplifier: 

 

 
 

 
 

A summer that gives a non- inverted sum is the non- inverting summing amplifier of figure 

3. Let the voltage at the (-) input teriminal be Va. 

which is a non- inverting weighted sum of inputs. 

Let R1 = R2 = R3 = R = Rf/2, then Vo = V1+V2+V3 

 

Subtractor: 
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A basic differential amplifier can be used as a subtractor as shown in the above figure. If all 

resistors are equal in value, then the output voltage can be derived by using superposition 

principle. 

To find the output V01 due to V1 alone, make V2 = 0. 

Then the circuit of figure as shown in the above becomes a non- inverting amplifier having 

input voltage V1/2 at the non- inverting input terminal and the output becomes 

V   
f 

R 
g 

V 01  ff1ff 

2 
1  

fff 

R 
□ V 1 

 

Similarly the output V02 due to V2 alone (with V1 grounded) can be written simply for an 

inverting amplifier as 

V 02  @V 2 

Thus the output voltage Vo due to both the inputs can be written as 

Vo  V01  V02  V1 @V 2 

Adder/Subtractor: 
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It is possible to perform addition and subtraction simultaneously with a single op-amp 

using the circuit shown in figure 5(a). 

The output voltage Vo can be obtained by using superposition theorem. To find output 

voltage V01 due to V1 alone, make all other input voltages V2, V3 and V4 equal to zero. 

The simplified circuit is shown in figure 5(b). This is the circuit of an inverting amplifier 

and its output voltage is, 

(by Thevenin‘s equivalent circuit at inverting input terminal). 

Similarly, the output voltage V02 due to V2 alone is, 

V02  @V 
2 

Now, the output 

v tage 

o V03 

l due 

to the input voltage signal V3 

alone applied at the (+) 
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input terminal can be found 

by setting V1, V2 and V4 

equal to zero. 

The circuit now 

b mes 
e a 

c non- 

o inve 

rting amplifier as shown in figure 

5(c). The voltage Va 

at the non- inverting terminal is 

Similarly, it can be shown that the output voltage V04 due to V4 alone is 

V 04  V 4 

Thus, the output voltage Vo due to all four input voltages is given by 

Vo  V 01  V 02  V 03  V04 

Vo  @V 1 @V 2  V 3  V4 
b c 

V o   V 3  V 4 

b c 

@ V 1  V 2 
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So, the circuit is an adder-subtractor. 

 
Instrumentation Amplifier: 
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In a number of industrial and consumer applications, one is required to measure and control 

physical quantities. 

Some typical examples are measurement and control of temperature, humidity, light intensity, 

water flow etc. these physical quantities are usually measured with help of transducers. 

The output of transducer has to be amplified so that it can drive the indicator or display system. 

This function is performed by an instrumentation amplifier. The important features of an 

instrumentation amplifier are 

1. high gain accuracy 

2. high CMRR 

3. high gain stability with low temperature coefficient 

4. low output impedance 

There are specially designed op-amps such as µA725 to meet the above stated requirements of 

a good instrumentation amplifier. Monolithic (single chip) instrumentation amplifier are also 

available commercially such as AD521, AD524, AD620, AD624 by Analog Devices, LM363.XX 

(XX -->10,100,500) by National Semiconductor and INA101, 104, 3626, 3629 by Burr Brown. 

 
In the circuit of figure 6(a), source V1 sees an input impedance = R3+R4 (=101K) and the 

impedance seen by source V2 is only R1 (1K). This low impedance may load the signal source 

heavily. 

Therefore, high resistance buffer is used preceding each input to avoid this loading effect as 

shown in figure 6(b). 

The op-amp A1 and A2 have differential input voltage as zero. For V1=V2, that is, under 

common mode condition, the voltage across R will be zero. As no current flows through R and R‘ 

the non-inverting amplifier. 
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A1 acts as voltage follower, so its output V2‘=V2. Similarly op-amp A2 acts as voltage 

follower having output V1‘=V1. However, if V1≠V2, current flows in R and R‘, and (V2‘-V1‘)>(V2- 

V1). Therefore, this circuit has differential gain and CMRR more compared to the single op-amp 

circuit of figure 6(a). 
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The difference gain of this instrumentation amplifier R, however should never be made 

zero, as this will make the gain infinity. To avoid such a situation, in a practical circuit, a 

fixed resistance in series with a potentiometer is used in place of R. 

 

Figure 6(c) shows a differential instrumentation amplifier using Transducer Bridge. The 

circuit uses a resistive transducer whose resistance changes as a function of the physical 

quantity to be measured. 

 

The bridge is initially balanced by a dc supply voltage Vdc so that V1=V2. As the physical 

quantity changes, the resistance RT of the transducer also changes, causing an unbalance 

in the bridge (V1≠V2). This differential voltage now gets amplified by the three op-amp 

differential instrumentation amplifier. 

 

There are number differential applications of instrumentation amplifier with the transducer 

bridge, such as temperature indicator, temperature controller, and light intensity meter to name a 

few. 
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