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ABSTRACT 

Low-voltage, low-power consumption is a desirable feature for any portable electronic device for longer battery 

life, prevent chip overheating, shrinking the battery size and its weight as well. In present paper, Operational Amplifier is 

designed using the Bulk-Driven technique, the input signal is applied to the body terminal. This operational amplifier has 

been operated at     V, and consume power 146.789 µW which is less than earlier design. So it can be considered as ultra 

Low Voltage, Low Power design.  

In the aim to enhance the performance of the proposed Bulk-driven circuit, the self-cascode structure is employed. 

The self-cascode structure increases the performance of the circuit furthermore. it is suitable for Low Voltage circuit 

designs. Open loop gain is obtained as 87.39 dB with phase margin of 77.25 dB. All simulations of the design are carried 

out in the Cadence tool with 0.18 μm Technology. 
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INTRODUCTION 

The gate-driven CMOS operational amplifiers are not sufficient for operation under very low supply voltages due 

to limited threshold voltage. Many low voltage techniques with addition to gate-driven amplifiers have been           

proposed [1-3]. The bulk-driven differential operational amplifier topology those using positive feedbacks for voltage gain 

boosting of an amplifier. transistor is a good solution to overcome the threshold voltage Limitation. It can work under 

negative, zero, or even slightly positive biasing conditions [4]. The square law equation for the PMOS transistor in 

saturation can be applied in Eq. (1) to describe the relationship between the output drain current (ID) and the bulk-to-source 

voltage (VBS) without any channel length modulation 

   
 

 
            

 
                

 

                                                                                                          (1) 

Where VTHP0  is the threshold voltage of PMOS at zero substrate voltage, φF is the bulk Fermi potential,    is a 

constant describing the substrate bias effect, VSG is the source-to-gate voltage. The bulk transconductance gmb  
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where gmb can be further related to gm in Eq. 

      
  

        
                                                                                                                                         (3) 

the ratio of gmb to gm only ranges from 0.2 to 0.4 depending on the bulk-to-source voltage and the specific process 

parameters [8-9].  

 

International Journal of Electronics and 

Communication Engineering (IJECE) 

ISSN(P): 2278-9901; ISSN(E): 2278-991X 

Vol. 2, Issue 5, Nov 2013, 107-112 

© IASET 



108                                                                                                                              Pramod Kumar Jain, D. S. Ajnar & Ranjeet Kumar Sahu 

DESIGN OF OPERATIONAL AMPLIFIER 

The proposed bulk-driven differential operational amplifier is shown in Figure 1. The bulk driven differential 

input pair M1A-B with the conjunction of the common-gate transistors M2A-B constructs the input stage of the amplifier. The 

first voltage gain stage is realized by the folded cascode transistors M3A-B and M6A-B. The second voltage gain stage is 

constructed by the common-source transistors M7A-B and M8A-B. The RC networks are used for the frequency compensation 

of the differential amplifier. Transistors M5A-B, and M4,4A-B form the current mirrors that bias the input stage. The constant 

voltages vbp1, vbn1, vbp2 and vbn2 are produced by the biasing circuit, shown in Figure 2. The voltages vbp2 and vbn1 

have the appropriate values in order to force the drain-to-source voltage of transistors M5A-B and M4A-B to be about 150 mV, 

operating at the edge of the strong inversion [3]. The control voltage VCMFB that fed the gate terminals of M6A-B is produced 

by the output of the common- mode amplifier (Figure 3).  

Thus, input bulk-driven transistors M1A-B are involved into the positive feedback loop, as well. Based on small 

signal equivalent circuit of the amplifier’s input stage and neglecting the channel conductance of M1A-B and M2A-B, the 

effective transconductance will be given by 

           
        

            
                                                                                                                                  (4) 

Where     ,     are the bulk and gate-transconductance of M1A-B.      and     are the bulk and gate 

transconductance of M2A–B. According to Eq.4,  

      
 

     Figure 1: The Schematic Design of the Proposed           Figure 2: Schematic Design Bulk-Driven Circuit 

                                Bulk-Driven Operational Amplifier 

 

 

Figure 3: Schematic Design of Common Mode Feedback Amplifier Circuit 
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SIMULATION RESULTS 

In this chapter the schematic of the circuit has been tested for various parameter of operational amplifier. The 

amplifier is powered by supply voltage 0.8 V. The fully differential bulk driven CMOS op-amp has been designed and 

simulated on cadence tool 0.18um technology 

 

Figure 4: Frequency Response Plot with Load CL=5pf 

 

Figure 5: CMRR at 27
o
C with CL = 5pf 

 

Figure 6: PSRR at 27
o
C 
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Table 1: Simulation Results of Bulk Driven Operational Amplifier 

S. No. Parameters Simulation Results 

1 DC gain (dB) 87.39dB 

2 Unity gain bandwidth (MHz) 57.404M Hz 

3 Phase margin 77.25
o
 

4 F3dB frequency range 31.681 KHz. 

5 CMRR 88.8656dB 

6 PSRR 91.67dB 

7 Power dissipation (µW) 146.789 

8 Area(µm*µm) 70716.488 

 

CONCLUSIONS 

In this paper present a bulk driven operational amplifier topology for low power and low voltage. This op amp can 

be used in High CMRR and PSRR applications such as bio-potential amplifier and small battery operated devices. It is the 

schematic of CMOS operational amplifier has Open Loop Gain 87.39dB and unity gain frequency obtained is 57.404MHz. 

The phase margin obtained is 77.25
o
. PSRR recognized that the change in output with supply voltage is 91.67dB. The 

common mode rejection ratio was found to be 88.8656dB and bandwidth 31.681 KHz, Power Dissipation is 146.789 µW. 

Then, finally designed Layout of Bulk Driven Differential Amplifier. 
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