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ABSTRACT: 
In this paper a low-noise low-power CMOS operational transconductance amplifier (OTA) using dynamic threshold 
voltage MOSFET (DTMOS) technique is presented. The OTA is designed and simulated using 0.18 µm CMOS 
technology. The performed simulation results show an input-referred noise of 520.2 nV/√Hz at 1 mHz so reduces to 
115.8 pV/√Hz at 1 Hz, and a power consumption of 191.9 nW under 5 pF loads. The dc open loop gain is 53.13 dB, a 
phase margin of 50o and a unity gain-bandwidth (UGB) of 572.9 kHz while operating at 0.8 V supply voltage. The 
proposed OTA is suitable for low noise and low-power application such as medical application. 
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1.  INTRODUCTION 

In the past few years with the rapid growth of 
market for portable devices such as cell phones, 
portable computers and medical electronic implants 
devices, design of analog integrated circuits at low-
voltages with high performance has become an 
extremely important issue. Reduction of threshold 
voltage is necessary for low voltage operation, so 
various techniques have been proposed for low-voltage 
low-power analog integrated circuits design. 

A MOSFET can be operated at a lower voltage by 
forward biasing the source-bulk junction (forward     
body-bias). This approach has been used to design a    
low-voltage low-power CMOS operational amplifier, 
but with increasing forward body-bias, the leakage 
current increases significantly. The DTMOS technique 
in 1994 (Assaderaghi et al, 1994) is proposed to 
overcome the drawback in a forward-biased MOSFET 
[1]-[3]. This technique can be used in connection with 
the back-gate forward-bias technique in designing low-
voltage low-power analog, digital and mixed signal 
CMOS integrated circuits. 

Several papers have been focused on design of   
CMOS opamp and operational transconductance 
amplifier (OTA)   based on DTMOS technique. In [4]-
[7] the authors presented a novel class AB op amp for 

low-voltage (1 V) applications. In [8] the authors 
proposed an ultra-low-voltage ultra-low-power 
operational transconductance for biomedical 
applications. In [9] the authors presented a 0.8 V     
class-AB linear OTA for    high-frequency applications. 
In [10] a novel input stage for low-voltage low-power 
and low-noise operational amplifier has been 
described. 

The organization of this paper is as follows. In   
Section 2, the DTMOS technique is presented. The 
structure of proposed OTA is described in Section 3. In 
this section the presented OTA is also designed using      
bulk-driven method. The simulations results are 
provided in Section 4 and finally the conclusion is 
given. 

 
2.  DTMOS TECHNIQUE 

An effective method for reducing power 
consumption is reduction the power supply voltage.  A 
constraint to implementing digital and analog circuits at 
low-voltage is the threshold voltage. DTMOS 
technique is the best idea for reduction threshold 
voltage.  In DTMOS technique, the bulk is tied to its 
own gate as shown in Fig. 1.  
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Fig. 1. Dynamic threshold MOSFET device [11]. 
 

The DTMOS technique reduces the transistor        
off-state leakage current and also reduces the threshold 
voltage during on-state ( BSV  > 0) according to below 
equation [12]: 

 

 ( )0 2 2th th f BS fV V Vλ ϕ ϕ= + − −  (1) 

Where BSV is the source-bulk voltage, 0thV the 
threshold voltage for 0BSV = , λ  is body effect factor 
with an approximate value between 0.3 to 0.4 V , and 

fϕ  is Fermi potential with a typical value in the range 
of  0.3- 0.4 V [12]. 
 
3.  DESIGN LOW-NOISE LOW-POWER OTA 

Fig. 2 shows the schematic of a low-noise            
low-power OTA based on DTMOS and bulk-driven 
technique. These structures combine a fully differential 
pair with a current mirror load. We used DTMOS and 
bulk-driven transistors pairs (M1, M2) in differential 
pair. All transistors is biased in the sub-threshold 
region 

 

 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
3.1 DC gain 

The small-signal DC gain of the OTA is given by: 
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While the transconductance mbg can be calculated as 
given in (3), [12]: 
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The transconductance mbg varies from 20% to 30% of 
mg  for the same transistor in a CMOS process [8]. 

 

3.2 AC analysis 
Small-signal analysis of the circuit in Fig. 2 (a), 

results in the following equation: 
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and 
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(a): DTMOS technique. 
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(b): Bulk-driven technique. 
 

Fig. 2. Schematic of the proposed OTA. 
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3.3 Noise analysis 

The input-referred noise (includes thermal noise and 
flicker noise) of the proposed OTA is described as: 
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(6) 

Where oxC  is capacitance per unit area of the gate 
oxide, W and L are the channel width and length 
respectively, fnK  is NMOS flicker noise coefficient, 

fpK  is PMOS flicker noise coefficient, k is the 
Boltzmann constant and T is the absolute temperature. 
The derived coefficient γ  is equal 2/3 for long-channel 
transistors and may need to be replaced by a larger 
value for submicron MOSFETs. It also varies to some 
extent with the drain-source voltage [12].  

 
4.  SIMULATION RESULTS 

The presented OTA has been simulated with 
HSPICE in a 0.18 μm CMOS staard technology under 
5pF load. The simulated AC results for DTMOS OTA 
and bulk-driven OTA are shown in Fig.3.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
This Figure show the, DC gain of 53.13 dB with 

unity gain-bandwidth up to 572.9 kHz for DTMOS 
OTA and DC gain of 39.97 dB with unity gain-
bandwidth up to 395.9 kHz for bulk-driven technique. 
The phase margin for DTMOS OTA is 50o and the 
input-referred noise is 520.2 nV/√Hz at 1 mHz. The 
noise performance for DTMOS OTA is shown in     
Fig. 4. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Table 1 shows a comparison with other low-voltage 

operational amplifiers. To evaluate this work a figure 
of merit (FoM) is defined as [8]: 
 

*

 *  

Gain UGB
FoM

Power supply Power consumption
=  (7) 

 
5.  CONCLUSION 

A 0.8 V low-noise low-power CMOS operational 
amplifier was proposed in this paper. The proposed op 
amp utilizes DTMOS technique. The simulation results 
show that the DC gain of the presented amplifier is 
equal to 53.13dB while achieving unity gain bandwidth 
of 572.9 kHz and phase margin 50o. The total power 
consumption of the op amp is 191.9 nW. This            
low-noise low-power architecture is very useful in 
biomedical applications in which the power budget is 
limited. Also simulation results are shown that DTMOS 
technique is superior compared to the bulk-driven 
technique.  
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Fig. 3. Simulated open loop gain and phase margin. 
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Fig. 4. Simulated input-referred noise. 
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Table 1.  Comparison proposed OTA with other low-voltage operational amplifiers.  
 DTMOS Bulk-driven [5] [8] [13] 

Technology (µm) 0.18 0.18 0.18 0.18 0.18 
Power supply (V) 0.8 0.8 1 0.4 0.8 

Power consumption (µW) 0.192 0.196 33.1 0.386 100 
Gain (dB) 53.13 39.97 60 91 56 

Phase margin 50o 55o 62o 66o 45o 
UGB (MHz) 0.573 0.396 2.73 0.111 3.2 
CMRR (dB) 72.1 53.5 100 106 80 
PSRR (dB) 65.15 @ 100 Hz 49.8 @ 100 Hz N/A N/A 88 @ 10 kHz 

Slew Rate (V/µs) 17.3 13.3 N/A 0.022 N/A 
Output voltage swing (V) 0.65 0.63 0.8 N/A N/A 

Input-referred noise 

( )/nV Hz  0.115 @ 1 Hz 2.5 @ 1 Hz 107 @ 1 kHz 10 @ 10 mHz 408 @ 10 kHz 

LoadC  (pF) 5 5 5, 10 kΩ 15 20 
FOM ( . / .dB MHz V μW ) 198.2 100.64 4.95 65.42 2.24 
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