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Department of Electronics Engineering

Experiment no : 04
Aim: 


Study of Op-amp as V – I converter . Design an V – I converter to produce an  


an output current 1 mA having a voltage compliance of 10 V using 741 




op-amp powered with +15V to -15 V regulated power supplies.
Apparatus: 

Op-amp IC 741, Breadboard,  multimeter,  resistors , Dual power 




supply(0 – 30 V) , connecting wires , etc.
Circuit Diagram:





Grounded Load V – I converter :
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Theory:


A voltage – to – current converter ( V – I converter ) also called as a 


transconductance amplifier , accepts an input voltage V1 and yields an 



output current of type Io = AV1 , where A is the gain or sensitivity of 



the circuit , in ampere per volt. 




For a practical converter, the characteristics take on the more realistic 


form, Io = AV1 – (1/ Ro)*VL   , where VL  is the voltage developed by the 



output load in response to Io and Ro is converter's output resistance as seen 


by the load. For a true V – I converter , Io must be independent of VL , i.e we 


must have Ro = 
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(infinite ). 




Since it output a current , the circuit needs a load in order to work, 


leaving the output port open would result in the circuit malfunction as Io 



would have no path in which to flow. If both terminals of the load are 



uncommitted, the load is said to be of floating type. If one of the terminal is 


already committed to ground or to another potential. The load is then said to 


be of grounded type.



Grounded load V – I converter :




 
Here, one of the load terminals is tied to ground . Figure(1) shows a 




V – I converter  suitable for grounded loads. Referred to as the 'Howland 



current pump' after its inventor , the circuit consists of an input source V1 


with series resistance R1. Overall output resistance Ro seen by the load is 


given by ,  Ro = R2 / [ ( R2/R1) - ( R4/R3)]




For a true current- source behavior we must have Ro = 
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To achieve this condition, the four resistances must form a balanced bridge.


i.e  R4 / R3  =  R2 / R1 



When this condition is met , the output becomes independent of VL : 







Io = ( 1 / R1 ) * V1



Clearly the gain of converter is (1/ R1). For V1 > 0 , the circuit will source 


current to load , and for V1 < 0 , it will sink current.







Since , VL = Vo* R3 / ( R3 + R4 ) = Vo*R1 / ( R1 + R2)  , the voltage 



compliance is , assuming symmetric output saturation   



VL = [ R1 / ( R1 + R2 ) ] * Vsat 



Voltage Compliance is the range of permissible values of VL for which the 


circuit still works properly before the onset of any saturation effects on part of 


op-amp.
Calculations: 
Design of 1mA dc source having a voltage compliance of 10 V :




Vsat = ±13V , VL = 10V.




Let V1  = +15V , so with formula Io = ( 1 / R1 ) * V1 




R1 = 15V / 1mA = 15 KΩ 




By equation , VL = [ R1 / ( R1 + R2 ) ] * Vsat  




10 = [ R1 / ( R1 + R2 ) ] * 13 




i.e  R2 = 0.3*R1




Select R1 = R3 = 15 KΩ 




Thus , R2 = R4 = 0.3*15 = 4.5 KΩ 
Procedure:

1.Assemble the designed circuit as  per  given  Fig.2.



2.Connect dual power supply with +15V -0- -15V to the circuit with proper 


connection. 




3.Adjust V1 = 15V and measure VL and Io at output.



Observation table :


	Parameters
	Calculated 
	Observed 

	VL
	
	

	Io 
	
	

	Vo 
	
	


Results: 
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