
International Journal of Engineering Science  and Computing, September 2016           2340                                                          http://ijesc.org/ 

          
ISSN XXXX XXXX © 2016 IJESC                                                                                                   
                                                       

 

 

A Bulk-Driven CMOS OTA with Self Biasing 
Pushpendra Singh

1
, R. S. Gamad

2
 

Department of Electronics and Instrumentation Engineering, SGSITS, Indore (M.P.) India
1, 2

 

 

 

Abstract:  

This paper represents the Design of a Orthogonal transconductance amplifier with Rail-to-Rail input. Proposed design utilizes a 

pair of bulk-driven Transistor at the input differential stage to serve this purpose. A self-biasing technique has been employed in 

the design to make this OTA Process independent. All the required biasing voltages have been provided through internal 

connections. This illuminates the requirement  of an  ext ra circu itry for biasing which also reduce the power consumption 

significantly. Circuit has been designed and simulated in Cadence too l at 180 nm technology. Gain of the proposed design is 

62dB. Circuit consumes only 3uW power while the supply voltage is 1 V.  
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I.           INTRODUCTIO N 

Electronic sensors are beginning to more and more sensitive 

with the advancement of the technology. OTA is a core 

element to design an electronic sensor. In the modern VLSI 

we need to detect very small amplitude biomedical signal.  

Huge demand of the battery operated potable device trigger 

the requirement of low voltage and low power circuit . Many 

future prediction about the supply voltage are there which 

suggest that supply voltage for the VLSI design will be around 

1 V.  Threshold voltage of a transistor is constant for a 

particular technology. This restriction makes it harder to 

reduce the supply voltage for a mixed signal design. Minimum 

supply voltage require for the circu it is equal to the sum of 

threshold voltage of NMOS and PMOS [1][2]. This requires 

the development of a circuit technique which is compatib le 

with latest CMOS trends without using on-chip dc-dc 

converter or developing lower threshold CMOS device. Many 

techniques has been developed to implement a circuit without 

these difficult ies. Some of them are floating gate device, weak 

inversion operation, composite transistor[3]. Purpose of this 

paper is to develop an OTA that could  withstand with  future 

CMOS technologies. Many blocks such as differential pair 

and current pair have been modified to achieve to achieve the 

low voltage rail-to-rail operation of OTA. This circuit  allows 

low voltage operation with large threshold offers the 

possibility for utilize the technology at any voltage range. 

Such circuit  then designed and simulated using 180 nm 

standard CMOS process where threshold of NMOS and 

PMOS is 483 mV and 513 mV respectively.  

 

II. PRINCIPLE O F BULK-DRIVEN OTA 

The transistor device at input must be turned on in order to 

process any kind of signal processing. Circuit o f OTA must 

satisfy (1). 

 

VDD + |VSS | ≥  VGS =VDSsat + |VT| + Vsignal                            (2) 

 

If the input stage is gate driven then VT is the largest threshold 

of nMOS or pMOS. These retriction finally affect the overall 

signal swing and dynamic range. To illuminate this limitation 

of input threshold voltage Bulk- driven  transistor is employed 

at the input stage which remove the overhead voltage 

associated with VT in the path. 

A. Bulk-driven MOS FET 

Bulk-driven MOSFET is considered to be the best solution to 

the threshold voltage limitation. Basic operating procedure of 

a Bulk-driven MOSFET is most likely to understand as a 

junction field effect transistor. Gate terminal has given 

sufficient potential to turn on and drain and source are 

connected as per the topology. Input signal is applied at body 

terminal. Quantity of the current is controlled through the bulk 

channel. This make it enables to respond almost any input 

signal as well as maintain high input impedance. This 

depletion characteristic made the transistor turn on for a zero, 

negative or even for a s mall positive voltage. This helps to 

improve the input common mode range at lower supply. When 

current is generated by the bulk, no latch up problem has been 

seen in the OTA so far. Some of the disadvantage of the bulk 

driven OTA are high capacitance which in turn responsible for 

small frequency response as compare to gate driven OTA. 

Equation (1) gives the value of frequency response of OTA 

[4]. Another limitation of the bulk-driven MOSFET is high 

noise. Gain factor of the device increased the noise in bulk-

driven device. Since the W/L ratio of th is topology is high so 

this high sheet resistance prone to increase the thermal noise 

of the device.   

 

B. Current Mirror  

Current mirrors could be used as tail current or current source 

as common load. In a low voltage design, problem is such 

conventional current mirror require significant voltage drop 

across the input. If input transistor of d ifferential pair is 

forward bias than such current can minimize this voltage drop 

and fit for low voltage circu it. In a low voltage design the 

main concern is to match the input and output current of the 

OTA for such a less supply a noble technique has been applied 

match the current by the cascoding [5]. If a quiescent equal to 

IDSS applied at the input of differential stage then a good 

matching of current can be obtained at input and output. This 

technique also requires low input voltage at the current mirror. 

 

III. PRO POSED DESIGNING O F OTA 

Various sections described above can be utilized to build an 

OTA device with the capability of low voltage operation in 

standard CMOS technology. A design of OTA using bulk-

driven OTA has been described [1][2]. A  new topology with 
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better performance and less complex design is now described 

with rail-to-rail input operation. Figure 1 shows the proposed 

design of a bulk d riven self-biased OTA with rail-to-rail input.  

M1 and M2 form pseudo differential pair which consist of two 

input signal terminal and biasing this input stage has been 

provided from the second stage of the OTA. A ll transistors are 

working in the saturation region so supply voltage is 

maintained higher than threshold voltage of NMOS and 

PMOS but signal could be less the threshold voltage. Second 

stage of the proposed design is a common source with current 

mirror as a load. This stage consist of a current mirror. Third 

stage of the OTA is an output buffer required to increase the 

gain of the OTA. Biasing of all the three stages could be either 

by external circuit  or internally. A suitable technique has been 

introduced to provide biasing voltage for all the devices by 

three points. Biasing nodes Vb1 is biased by V1. Vb2 is biased 

by the Vb1 terminal itself and the Vb3 terminal is b iased by the 

output of input differential amplifier stage. 

 

 
Figure:1.Design of the Improved OTA with fu ll input range 

 

IV. SIMULATION RESULTS 

Proposed circuit was designed and simulated using Cadence 

tool. Figure 1 shows the testing circuit to simulate the ac 

Response of the proposed circuit. A small ac signal of 5mV 

has been provided to the input terminal of input differential 

pair with a power supply of 1.8 V connected between VDD 

and GND. A  Capacitive load of 3pf has been added to the 

output terminal. Figure 2 shows the ac response of the 

proposed circuit. Proposed design has simulated gain Of 62 

dB and the phase margin is 65
0
 which make the circu it more 

stable for wide frequency Range. Unity gain bandwidth of 

the designed OTA is 920 MHz 

 

 
 

Figure 2- Frequency response of proposed design at 1V supply voltage 
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Figure 3- Common mode Gain of the Proposed OTA 

 

Figure 4 shows the transient response of the OTA while it is 

used as unity gain buffer. A input pulse wave of 10KHz  

frequency and amplitude of 500 V is applied at non 

inverting terminal of the OTA. Inverting terminal is 

connected to the output of OTA. Slewrate of the proposed 

design is 18V/ms  

Figure 5 represent the value of the input referred noise at the 

1KHz. Graph also shows the input referred noise becomes 

better if the input signal has high frequency. 

 

 

 

 
Figure 4- Slewrate of the proposed OTA 

 
Figure 5- Input referred noise of proposed OTA at 1KHz 

 

A FOM has also been calculated for the proposed circuit as 

given in reference [1][2]. Equation no.1 shows the formula 

to calculate FOM of the proposed OTA. Supply current for 

the particular OTA is 19.2mA. 

 

                                                          (2)     

 

The value of the FOM for the designed circuit is 72.6V-1. 

 

Table 1 describe the performance of the proposed design of 

OTA and compare its parameter with  some other popular 

previous works on OTA. 
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V. CO NCLUSION AND FUTURE WO RK 

The simulation results showed that the proposed circuit 

gives the better performance for a full input range. Input 

Voltage Range is no more restricted by the threshold voltage  

of the transistor. The proposed circuit does not need Biasing 

DC voltage the input terminal. Proposed self-biasing design 

reduced the total number of transistor in the OTA by 

illuminating the external biasing circuit. Proposed method 

reduced the complexity of the three stages OTA at the other 

end improve the Circuit performance. Designed OTA has 

the gain of 60 dB with a wide frequency response of 920 

MHz. Circuit has increased noise rejection capability with 

35 dB CMRR. As the performance of the proposed Design 

concentrate over full input Range operation and frequency 

response. In future with some modifications in the second 

gain stage circuit would be able to operate at low power 

supply which will further reduce its power consumption for 

wireless and biomedical application.  
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                                                                                  TABLE I 

                                                      Comparision with some other popular work 

S.no. Parameter Ref[1] Ref.[2] Ref[3] Proposed work Unit  

1 Nominal Supply 

Voltage 

.25 .90 0.5 1 

 

V 

2 Power Dissipation  .018 .32 146 3 uW 

3 Area   .08 .5 70 0.06 mm
2  

4 CMRR 62 - 30 32 dB 

5 CM Input Gain  2.6 - 8.6 30 µV 

6 Input referred Noise 

@1KHz 

3.3u - <938 3.1 µV/√Hz 

7 Differential Gain - 52 - 62 dB 

8 Load Capacitance  15 12 3 15 pf 

9 Slew Rate .64 - 48 18 V/ms  

10 GBW  1.88KHz 5.6KHz 28 920 MHz 

11 FOM 39.2 13.4 31.3 83.3 v
-1 

12 Technology 130 250 65 180 nM 

13 Phase Margin  62 70 65 Degree 

14 Output Swing - - .37 .48 V 


