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Abstract— This paper presents the design and analysis of 

Telescopic OTA. Here, Telescopic OTA is designed for 

350nm Technology with ±2V power supply voltage using 

Tanner tool. The simulation results of this OTA shows 

differential gain, Phase Margin, UGB, CMRR, PSRR, power 

dissipation, which are the basic performance parameters of an 

OTA. Various process parameters like Threshold Voltage, 

Temperature, Oxide thickness, Supply voltage shows 

remarkable changes on performance parameters. The effect 

of threshold voltage, temperature and supply voltage on 

differential gain is shown. Many researches showed the 

inherent disadvantage of low output swing of Telescopic 

OTA. The effect of process parameters is also checked on 

Offset Voltage Swing. 
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I. INTRODUCTION 

The electronic miniaturization is due to semiconductor 

transistors so it is called as heart of VLSI technology. Due to 

recent development in VLSI technology, the size of 

transistors decreases and power supply also decreases. The 

OTA is basic building block usually used in designing many 

analog circuits such as data converters and Gm-C filters. 

Performance of Gm-C filters is related and based on to the 

OTA’s performance. The OTA is a transconductance device 

where the input voltage controls the output current, it means 

that OTA is a voltage controlled current source device 

whereas the op-amps are voltage controlled voltage source 

devices. An OTA is basically an op-amp without output 

buffer, so it can only drive small capacitive loads. [2][3] 

There is actually an increasing demand for high-

speed and low-power ADC in various applications, e.g. high 

data-rate wireless connection in battery-powered devices. It 

is used in sampling and holding circuits and many controlled 

applications. The S/H circuit is strongly affected by its 

Operational Transconductance Amplifier (OTA) 

specifications such as bandwidth, DC gain, linearity, settling 

behavior and power consumption. Therefore, the OTA design 

is done to meet the requirements of a high-speed operation 

and low power consumption. 

This paper summarized the comparison of different 

topologies of OTA and basics of telescopic OTA. This paper 

contains different performance parameters like gain, CMRR, 

PSRR and power dissipation. Different analysis of process 

parameters and DC analysis is also presented.  

II. BASICS OF TELESCOPIC OTA 

As lot of research work is going in the field of Operational 

Transconductance Amplifiers with high gain, high unity gain 

bandwidth and also for low power consumption. We discuss 

comparison related to OTA configurations, each 

configuration having its own merits/demerits. There are 

different configurations of the OTA and commonly used 

architectures are: 

 Single Stage OTA 

 Two Stage OTA 

 Telescopic OTA 

 Folded Cascode OTA 

The comparison of different OTA topologies is given below 

Topology Gain Power Speed Noise 

Single Stage Low Medium High High 

Two-Stage High Medium Low High 

Telescopic High Low High Low 

Folded Cascode 
Medi

um 
Medium High High 

Table 1: Comparison between OTA topologies [6] 

Telescopic OTA is widely used because of its 

simpler structure and less parasitic. It has higher speed 

operation and less power consumption.  

III. IMPLEMENTATION OF TELESCOPIC OTA 

The limitation of single stage OTA can be overcome by this 

topology by increasing number of transistors and stack on top 

of other in the form of current mirrors. So due to this output 

impedance increases and gain also increases.  

The main important thing about telescopic OTA is 

that it is having both differential input and output pair on 

same current branches so this type of arrangement eliminates 

the common mode noise and gives more direct signal than 

other topologies therefor speed is higher. But tail current 

source direct cuts into voltage swing so voltage swing of 

telescopic OTA is limited 

 
Fig. 1: Telescopic OTA with bias current 

The Telescopic configuration uses only one bias 

current. It flows through the differential input stage, the 

common base stage and the differential to single ended 

converter. Therefore, for a given bias voltage, the power is 

used at the best .By contrast, we have disadvantages: they 

concern the limited allowed output dynamic range and the 

request to have an input common mode voltage pretty close 

to ground (or Vss). 
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A. Design Procedure: 

Parameters Specifications 

Technology 350 nm 

Supply Voltage +2 V & -2 V 

Load Capacitance 0.1 pF 

Gain 70 dB 

Phase Margin 70 degree 

Unity Gain BW 300 MHz 

Table 2: Design Specifications 

Based on Design specifications & drain current formula 

for saturation region we found W/L ratio of all transistors by 

given steps: 

 STEP I In 1st step design W/L of tail current source M9 

which is in saturation region given by [6] 

𝐼𝑑 =  
𝑢𝑛𝐶𝑜𝑥

2
 (

𝑊

𝐿
) [𝑉𝑔𝑠 − 𝑉𝑡ℎ]2 

 

 STEP II Calculate the bias  𝑉𝑏 of transistor M3 and M4 

using the equation 

𝑉𝑏 = 𝑉𝑔𝑠3 − 𝑉𝑡ℎ3 

 

 STEP III In 3nd step we design W/L of M1, M2, M3 and 

M4 transistors which are in saturation region which is 

given by 

𝐼𝑑 =  
𝑢𝑛𝐶𝑜𝑥

2
 (

𝑊

𝐿
) [𝑉𝑔𝑠 − 𝑉𝑡ℎ]2 

 

 STEP IV Design the Wilson Current Mirror stage where 

there are four PMOS transistors, which are identical, and 

the current passing through them is same as the drain and 

gate are tied to each other. They all are in saturation 

mode. 

𝐼𝑑 =  
𝑢𝑝𝐶𝑜𝑥

2
 (

𝑊

𝐿
) [𝑉𝑔𝑠 − 𝑉𝑡ℎ]2 

We subjected the circuit of fig: 1 to specifications 

schedule presented by Table 2., we obtained the parameters 

computed and summarized in Table 3. 

Transistors Width Length 

M1, M2, 240 u 0.4 u 

M3,  M4 360 u 0.4 u 

 M5 ,  M6, 400 u 0.4 u 

M7,  M8 360 u 1.2 u 

Mb1 ,M9  180 u 0.4 u 

Table 3: Aspect W/L Ratio for Telescopic OTA 

Based on these specifications and width to length 

ratios schematic is prepared by using S-Edit of tanner tool. 

The screenshot of schematic is presented below and all results 

are got from W-Edit. 

 
Fig. 2: Schematic of Telescopic OTA using S-Edit 

IV. SIMULATED RESULTS 

The simulated results are generated by 0.35 μm CMOS 

technology. From the Fig. 4. Open loop DC gain is 64 dB, 

unity gain frequency is 547 MHz, phase margin is 87 degree, 

CMRR is 97 dB, PSRR is 70 dB and power dissipation is 

0.734 mW. From the results we can say that Telescopic OTA 

meets all desired specifications. 

 
Fig. 3: Differential Gain & Phase Margin 
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(a) 

 
(b) 

Fig. 4: (a) Differential Gain (b) Common Mode Gain 

Common mode Rejection Ratio is defined as the 

ratio of differential gain to common mode gain. So. as shown 

in fig. 6, differential gain is 64 dB and Common mode gain 

is -34 dB so finally CMRR will be 97 dB and PSRR is shown 

in fig. 5 which is of 70 dB.  Power dissipation got from T-

spice which of 0.734 mW as per shown in fig. 8. 

 
Fig 5: Power Supply Rejection Ratio (PSRR) 

We know that temperature is one of the important 

parameter which effects on performance of system. So how it 

is effecting on gain is shown in fig. 7. At different 

temperature gain is varying. If we changes temperature by 75 

degree than 0.9 dB changes occurs on gain which is shown in 

figure 7 and table 5   

After that the effect of threshold voltage on gain is 

taken by Monte Carlo simulation which is shown in fig 8 (a) 

and (b). Oxide thickness is also major process parameter so 

its effect is also taken by Monte Carlo simulation as shown in 

fig 9. Then after changes in supply voltage causes change in 

gain which is shown in fig 10 (a) and (b)     

 
Fig. 6: Power Dissipation 

Parameters Achieved results 

Open loop Gain 64 dB 

Phase Margin 87 Degree 

Common Mode Gain -34 dB 

CMRR 97 dB 

PSRR 70 dB 

Power Dissipation 0.734 mW 

Table 4: Achieved Results 

 
Fig. 7: Gain with temperature variation at -20 ̊C , 25̊ C, 55̊ C 

Temperature Gain (dB) UGB (MHz) 

-20 ̊C 64.17 630 

25 ̊C 63.64 542 

55 ̊ C 63.33 479.33 

Table 5: Gain with Temperature Variation 
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Fig. 8 (a): Gain with NMOS Threshold Voltage variation by 

Monte Carlo Simulation 

 
Fig. 8 (b): Gain with PMOS Threshold Voltage variation by 

Monte Carlo Simulation 

 
Fig. 9: Gain with Oxide Thickness variation by Monte Carlo 

Simulation 

 
Fig. 10 (a): Gain with -10% Vdd variation (1.8V) 

 
Fig. 10 (b): Gain with +10% Vdd variation (2.2V) 

Vdd (V) Gain (dB) UGB (MHz) 

1.8 (-10 %) 53.26 591 

2.2 (+10%) 63.65 537 

Table 6: Gain with supply voltage variation 

After AC analysis this paper presents DC analysis of 

Telescopic OTA. Based on that the offset voltage at different 

temperature is also presented in fig 11 and fig 12. The table 6 

shows the different offset voltages with temperature 

variation. 

 
Fig. 11: DC Analysis with Offset Voltage -0.1V 
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Fig. 12: DC Analysis with Temperature Variation at -20̊ C, 

25̊ C, 55̊ C 

Temperature Offset Voltage (V) 

-20̊ C -0.097 

25 ̊C -0.1 

55 ̊C -0.102 

Table 7: Offset Voltages with Temperature Variation 

V. CONCLUSION 

The telescopic OTA is a high gain amplifier. This work 

presents the novel design of telescopic OTA for achieving 

high Gain. The gain achieved is 64dB with unity gain 

bandwidth of 547MHz. The phase margin is 87 degree which 

shows enhanced stability. The offset voltage is 0.1V. The 

output swing is 3.5 V, which is its limitation. PSRR+ is 

measured to be 70dB. The common mode gain is -34dB. Thus 

CMRR is 97dB.  
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