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INTRODUCTION 
There are various techniques to reduce power 
dissipation in a circuit design. Some of them are: 
current scaling, current splitting, stacking transistor, 
gain boosted current mirroring and self cascode 
techniques. Present this amplifier is used for 
observing and recording for both low and high 
frequency signals. This is used to observing the 
simultaneous activity of many neurons in specific 
regions of the brain. Which are considered as low 
frequency signal.  
Fig. 1 Proposed Amplifier schematic. 
 
In the proposed amplifier the first stage is an open-
loop single-ended current-reuse complementary 
input (CRCI) amplifier [1]. Which achieves high power 
efficiency but frequency range of DC gain is very 
poor. And second stage is fully differential amplifier 
which achieves good PSRR [1] by using reference 
amplifier at input side. And achieve very high gain  
and low power by using different OTA’s in place of 
A1 and A2 in second stage shown in Fig 4. 
 
This brief is organized as follows Section II describes 
the proposed architecture and the design 
considerations III presents the experimental results 
and biological recordings. Finally Section IV 
concludes this brief.  

 
AMPLIFIER DESIGN 
 
A. Overall System Design 
 

The proposed amplifier is shown in fig. 1 in that 
first-stage amplifier is a single ended CRCI amplifier, 
which achieves very high power and gain with low 
range frequency. Reference amplifier is same as the 
first stage amplifier which is shared by second stage 
amplifiers. First stage and reference amplifiers are 
the input of the second stage fully differential 
amplifier with capacitive feedback. This architecture 
gives the high gain and low power dissipation. 
 
 

1. First-Stage Design 
 

 
Fig. 2 schematic of first stage amplifier. 

     

Abstract 

  This brief presents the design methodology for recording and amplifying both low and high frequency 
signal with ultra-low power and high gain operation for large scale integration. Different operational 
transconductance amplifiers (OTA’s) are been used in building up low and high frequency potential 
amplifiers. Many dissimilar OTA techniques are been used in order to increase the performance of 
amplifier in terms of gain and power consumption. The amplifier is been implemented using 130nm 
CMOS process technology in the signal frequency ranging from 0.1mHz to 1GHz. The simulation results 
shows that flat gain in all the cases, 88.69dB gain is achieved by using single stage cascode OTA, 99.69dB 
and 99.19 dB gains using current mirror OTA(CMOTA) with self cascoding and two channel current mirror 
OTA with self cascoding respectively. A very high gain of 121.05dB achieved by using gain boosted self 
cascoding CMOTA. All these OTA’s used in the  proposed amplifier achieved a high gain in the frequency 
range of 1mHz-1GHz and the flatness of the gain occurs at the given gain value in the range of 1mHz-
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     Fig. 2 shows the schematic of the first-stage 
amplifier is shown in The MOS-bipolar 
pseudoresistors [1] with high resistances and on-chip 
capacitors are employed. The gain mismatch 
between the first stage and the reference amplifier 
should be minimized to achieve good PSRR and 
CMRR. To improve gain accuracy and linearity, 
capacitive feedback is used in the first stage and 
reference amplifier. The W/L ratios shown in table 1. 
 

MOSFET W L 
MP1 7u 1.5u 
MP2 1u 10u 
MN1 100u 4u 
PR1 1u 10u 
PR2 1u 1ou 

Table 1: W/L values of first stage amplifier. 
 

 
Fig. 3 schematic of second stage amplifier. 

 
     The midband gain Av1 of the first stage amplifier 
is set by C1/Cf1. In order to achieve sufficient 
matching for the required PSRR and CMRR, the 
capacitors (C1 and Cf1) are large. By driving the 
gates of both PMOS and NMOS input transistors, the 
CRCI technique reuses the current and doubles the 
effective transconductance, significantly reducing the 
input referred noise. Additionally, transistors MN1 
and MP1 are sized large enough to reduce the flicker 
noise to an acceptable level. 
 
2. Second-Stage Design 
   

 
Fig. 4 schematic of the OTA. 

 
     The schematic of the second-stage fully 
differential amplifier is shown in Fig. 3(a). The circuit 
employs capacitive feedback rather than resistive 
feedback to achieve low-noise operation. The mid 
band gain Av2 is set by the ratio of C2/Cf2. The MOS 
bipolar pseudo-resistors combined with the feedback 
capacitors Cf2 create a low-frequency high-pass 
corner. The schematic of the OTA is shown in Fig. 
3(b). The noise contribution from the second stage is 
v2 ni2/A2 v1, where v2 ni2 represents the input-
referred noise power of the second stage and Av1 
represents the gain of the first stage. Since the noise 
contribution of the second stage is reduced by a 
factor of Av1.In order to reduce flicker noise and 
achieve better matching, the transistors are large.The 
W/L ratios shown in table 2. 
 

  MOSFET W L 
MP1&MP2 100u 2u 
  MP3 4u 2u 
  MP4 1u 2u 
MP5&MP6 2u 5u 
MN1- 
MN4

1u 2u 

Table 2: W/L values of schematic of the OTA. 
 
 
3. Single-Stage Cascode Amplifier 
      

 
 
Fig. 5 Single stage cascode amplifier 
 

MOSFET W L 
M1&M2 25u 1u 
M3&M4 30u 1u 
M5&M6 20u 1u 

 
Table 3: W/L values of Single stage cascode amplifier 
 
        Cascode amplifier [2] is used in proposed 
amplifier. The schematic of the cascode amplifier is 
shown in fig 5. These achieve high gain through a 
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‘stacking transistor’[10] technique, This effect is 
known as the stacking effect. Leakage currents in 
NMOS or PMOS transistors depend exponentially on 
the voltage at the four terminals of transistors. The 
W/L ratios shown in table 3. 
 
4. Current Mirror OTA with Self Cascoding output 
stage. 
 
The self-cascoding technique is used in single stage 
CM OTA [11] .the schematic is shown in fig 6. That 
can increase the DC gain. A. self-cascode is a 2-
transistor structure which can be treated as a single 
composite transistor. Where M2 have to be in 
saturation and M1 in liner region. By using gain 
boosting technique in CMOTA. Which can enhance 
the gain by 10–20dB without additional power 
consumption. input transistor (M1/M2) which can be 
splitted from current mirror transistor [9] (M3/M4). In 
proposed amplifier single stage CM OTA is placed 
two times at A1 and A2 this is called two stage 
CMOTA. The W/L ratios shown in table 4. 
 

 
 

Fig . 6 Current Mirror OTA with Self Cascoding output 
stage 

 
MOSFET W L 
M0 to M13 2u 0.13u 

 
Table 4: W/L values of Current Mirror OTA with Self 

Cascoding output stage 
 
5. Gain Boosted Self-Cascoding Current Mirror 
OTA. 
 
     In proposed amplifier we used the gain boosted 
self-cascoding CM OTA. In this OTA we used gain 
boosting current mirroring technique [11] which this 
technique can enhance the gain without additional 
power consumption. The circuit in which output 
current is forced to equal the input current is said to 
be a current mirror circuit. It is special case of 
constant current bias. An advantage of current mirror 
circuits is that it takes fewer components, simple to 

design and easy to fabricate. Schematic of this OTA 
is shown in fig 7. For high output voltage swing, 
M5/M6/M11/M12 and M7/M8/ M9/M10 are biased 
to operate in strong and weak inversion regions, 
respectively. The W/L ratios shown in table 5. 
 

 
Fig. 7 Gain Boosted Self-Cascoding Current Mirror OTA. 

 
MOSFET Width(W) Length(L) 
M0 to M16 2u 0.13u 
Table 5: W/L values of Gain Boosted Self-Cascoding 

Current Mirror OTA 
 

 
Table 6: Single stage cascode amplifier comparison 
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Table 7: Current Mirror OTA with Self Cascoding output 
stage comparison 

 
 

 
Table 8 : Gain boosted self cascade OTA comparision. 

 
 

 
 

Fig. 10 Two stages Current Mirror OTA with Self Cascoding 
output stage. 

 
 

 
Fig. 11 Gain Boosted Self-Cascoding Current Mirror  

OTA  
 

IV.CONCLUSION 
 
      In this brief, we have proposed a design strategy 
utilizing a CRCI topology and reference sharing 
architecture, which is suitable for low and high 
frequency signal with ultralow-power low-noise 
operation. All these OTA’s are used in A1 and A2 
shown fig 4. The single and two-channel amplifier 
powered by 1-V supply has achieved 88.69dB DC 
gain for Single stage cascode OTA with consuming 
3.217µW, 99.36dB DC gain for Current mirror OTA 

with self cascoding output stage with consuming 
32.12µW, 98.19dB gain for two channel current 
mirror OTA with self cascoding output stage with 
consuming 27.28µW, 121.05dB gain for Gain boosted 
self-cascoding current mirror OTA with consuming 
1.70µW. 
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