
  

  

Abstract—This paper presents a low-noise low-power 

amplifier for implantable device for neural signal acquisition. 

By operating MOS transistors in the subthreshold region, 

smaller low-frequency noise and lower power consumption can 

be achieved. A low power, low-noise common-drain buffer and a 

low-noise, high-linearity, low pass filter are used for high 

frequency noise filtering. Post-layout simulation shows the input 

referred noise of the system is 2.19µVrms from 10Hz to 10 KHz, 

power consumption is 55.8µW, and the NEF is 2.53. The 

amplifier was fabricated using a TSMC 0.18µm 1P6M CMOS 

process. Simulation results show that this low-noise, low-power 

amplifier is suitable for implantable device applications. 

I. INTRODUCTION 

Much research is being done on implantable devices, such 

as cochlear implants, retinal prostheses, motor prostheses, etc. 

Acquiring information regarding the stimulated neurons and 

recording the neural activities in these neural prosthetic 

devices is essential. It is also crucial to monitor and process 

the neural action potential signals in real time for closed-loop 

controlled deep brain stimulation (for example, in epilepsy 

and Parkinson’s disease).  

 The front end of the implantable device is an array of 

stimulating/recording electrodes. These electrodes read 

extracellular neural signals (ENG), which are very small 

(5µV-500µV) and have a low frequency (10Hz-10 kHz). The 

distance between an electrode and the cell body determines 

the signal amplitude. In lab experiments researchers can keep 

this distance very small to obtain a larger neural signal. 

However, in the real implant, this distance is very difficult to 

control, and the resulting ENG can be very small requiring a 

low-noise amplifier (LNA) for signal amplification to acquire 

the neural signal. 

A MOSFET has inherent 1/f noise that dominates at low 

frequencies. Unfortunately, ENG is in the same frequency 

band as 1/f noise, resulting in a very poor SNR. A common 

solution is chopper stabilization (CHS) [1…4]. The idea is to 

modulate the signal to a higher frequency than the flicker 

noise of the amplifier at the next stage. The advantage is a 

higher SNR while the disadvantage is the need of an amplifier 

operating at relatively higher frequencies with higher power 

consumption. For example, power dissipation is 1.3mW in 

[1], 500µW in [2] and 242µW in [3]. Higher power 

consumption is not desirable, especially for an implantable 

 
 

device. 

Another possible solution is auto-zeroing (AZ) [5…7]. 

Auto-zeroing reduces noises lying in two different phases by 

doing sample and hold. Auto-zeroing techniques work quite 

well for very low frequency noise elimination (such as DC 

offset), but not in ENG applications (up to 10 kHz). 

This work utilizes the fact that MOSFET flicker noise is 

smaller when operating in the subthreshold region. Therefore, 

the low-noise, lower power amplifier is composed of 

subthreshold MOSFETs (Sub-MOS). Section II describes the 

circuit principle. Section III presents post-layout simulation 

results. Sections IV and V have the discussion and conclusion, 

respectively. 

II. CIRCUIT PRINCIPLE 

The source of MOSFET flicker noise is the “traps” at the 

interface between the gate oxide and the silicon. When the 

transistor operates in the above-threshold region, the carrier 

transport mechanism is by drift current, which flows through 

the channel right underneath the silicon-oxide interface. 

When the carrier flows through the trap, the trapping and 

detrapping processes of the carrier cause current interference. 

Higher trap density results in more interference.  

Alternatively, when the transistor operates in the 

subthreshold region, the carrier transport mechanism is by 

diffusion current, which happens away from the silicon-oxide 

interface. Since the carrier is further away from the traps, it 

has lower possibility for the carriers to be trapped and 

detrapped, thus the current interference is smaller in the 

subthreshold region. 

Figure 1 shows the system architecture. The system has a 

pre-amplifier, a high pass function by means of feedback 

capacitors and resistors, a buffer, and a low pass filter. 
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Fig. 1. System architecture of the low-power, low-noise amplifier 
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Function and operation of each circuit block is as follows: 

A. Pre-Amplifier  

Figure 2 shows the circuit diagram of the preamp. The three 

left-most transistors provide the biases. The other transistors 

are the body of the amplifier. The amplifier is designed to be 

fully differential to reduce the coherent noise from the 

sensitive input stage. 

A noise analysis of the amplifier reveals the effective noise 

voltage power spectrum density: 
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Where e is the power spectrum density of voltage noise, ro 

is the output resistance of the transistor and Rout represents the 

effective output resistance looking into Vo+. According to the 

above equation, what influences the effective noise the most 

is M1, which is the input transistor. Thus this design is based 

on gm1 >> gm6 > gm3 to sufficiently reduce the effective noise 

from the later stage to the inputs.  

Since M1 most affects the noise performance, this work 

designs M1 to operate in the subthreshold to reduce its noise. 

Additionally, increasing the area of M1 is an effective way to 

reduce low-frequency noise. The number of traps in a unit 

area at the gate oxide/silicon interface is related to the 

fabrication process. Increasing the transistor area will not 

change the density of the traps, but will affect the number of 

carriers flowing through a unit area. Thus, the number of 

carriers flowing through a unit area decreases, resulting in a 

decreased possibility of carriers being trapped and detrapped. 

B. High Pass Function  

When reading the neural signals in an implantable device, 

the DC voltage of the body fluid where electrodes reside is 

usually different than the LNA input common-mode voltage. 

Additionally, the DC voltage value of body fluid is unknown 

depending on the status of the body. When this DC voltage 

connects to the input of the LNA through the electrode, it can 

easily saturate the output of the LNA. To solve this problem, 

feedback capacitors and resistors are connected to the LNA to 

form a high pass function to filter the DC voltage from the 

body fluid, as shown in Figure 3. Since the resistor itself is a 

noise source, the design uses subthreshold MOSFETs to 

replace the resistors. 

C. Buffer 

The buffer makes the low pass filter at the next stage 

operate within the appropriate working voltage range. The 

buffer structure is a common-drain single stage amplifier. The 

design is to be low power dissipation and low noise. Figure 4 

shows subthreshold PMOS transistors used for the buffer . 

D. Low Pass Filter 

The low pass filter removes the high-frequency noise 

carried in the unwanted band (>10kHz). The circuit is 

adapted from [8]. In this work, in addition to modifying the 

circuit to be single-ended, the four input transistors operate in 

the subthreshold region. Figure 5 shows the circuit. The 

nucleus is a gm-C filter using a differential pair in series with a 

capacitor. The two transistors in the subthreshold linear 

region can be viewed as large resistors in a small-signal 

analysis. Therefore, these transistors cause source 

degeneration and increase the linearity of gm. This gm-C filter 

provides not only a filtering function, but also signal gain and 

at the same time converts the differential signal into a 

 
Fig. 3. Connecting feedback capacitors and resistors with LNA for high 

pass function. 

 

 
Fig. 2. Circuit diagram of the pre-amplifier 

 

 
Fig. 4. A low power, low-noise, common drain voltage buffer operating 

in the subthreshold region. 

 
Fig. 5. The low-noise, high linearity, low-pass filter  
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single-ended output.  

III. POST-LAYOUT SIMULATION RESULTS 

The index of a low-power LNA is the noise efficiency 

factor (NEF), which is a combined estimation of power, noise, 

and bandwidth. NEF represents the noise performance and 

bandwidth under a power constraint. Thus, NEF represents 

the efficiency from a given power. A lower NEF means the 

efficiency of the LNA is better. The definition of NEF can be 

found in [9]. Table I shows the post-layout simulation results 

of the pre-amplifier including the NEF. 

³ Figure 6 shows the simulation results of the buffer. The 

buffer works as a voltage shifter such that the low-pass filter 

would operate within an adequate DC voltage range. Since 

the designed input common mode voltage of the LPF is 0.1V, 

while the output common mode voltage of the preamp is 

-0.5V, the DC transfer curve of the buffer should convert the 

DC output of the LNA to 0.1V before sending it to the input 

of the LPF. Simulation results show very good linearity for 

the voltage conversion. The gain of the buffer is about 0.7dB. 

Figure 7 depicts the frequency response of the LPF. The 3dB 

frequency is about 11.9 kHz. Figure 8 shows the layout of the 

TABLE I 

POST SIMULATION OF PREAMP 

Input Referred Noise Voltage 

(µVrms @10Hz-10kHz) 
2.3 

Power (µW) 46.7 

Gain (dB) 30.4 

3dB Frequency (kHz) 25.1 

Phase Margin 115.6 

Unity Gain Frequency (MHz) 5.1 

NEF 1.63 

 

 
Fig.7. The 3dB frequency of this low pass filter is about 11.9 kHz. 

 
Fig.6. (a) Voltage transfer curve of the buffer 

       (b) The DC gain of buffer is about 0.7dB 

TABLE II 

BENCHMARK 

reference year Tech (ôm) gain(dB) bandwidth (Hz) power(ôW) Vin,rms(ôV) NEF 

this work 2009 0.18 89.9 10-10.9k 55.8 2.19 2.53 

[10] 2006 0.8 80 1-5k 2400 0.291 4.3 

[11] 2006 0.35 77 100-7k 1.4786 6.852 N/A³  

[12] 2006 1.5 40-90 0.5-5k N/A³  4.4 N/A³  

[13] 2007 0.5 36.1 0.3-4.7k   N/A³  3.6 1.8 

[14] 2007 0.5 40.9 392m-295 2.08 1.66 3.21 

[15] 2007 0.8 40 0.05-100 N/A³  0.95 4.6 

[16] 2008 0.5 40-60 0.01-10k 50 4.8 N/A³  

[17] 2008 0.35 45.5 0.052-200 1.1 2.1 2.9 

[18] 2009 0.35 45.6-60 4.5m-292 N/A³  2.5 3.26 

[19] 2009 0.5 39.6 94-8.2k N/A³  1.94 2.9 

 

 
Fig.8. Chip layout of the overall amplifier. 
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chip and Table II shows the post-layout simulation results of 

the overall low-noise, low-power amplifier. 

IV. DISCUSSION 

³ A theoretical value of the NEF (2.02) is derived with the 

assumption that κ=0.7 ([11]). But we must remember that κ is 

affected by the process, bias, and many other environmental 

factors. Therefore, the NEF in Table I is still a possible value 

as long as κ approaches 0.88.³
Table II compares this work and other related works. In 

contrast with other related works (0.8µm to 0.35µm 

processes), this work uses a more advanced 0.18µm process. 

One of the reasons for this advanced process not being so 

popular for a low-noise amplifier is because of its noise 

characteristics. Although a more modern process has 

advantages, such as higher speed, lower power consumption, 

smaller area, etc, advanced process also inherits a larger noise 

floor. The following equation clearly reveals this: 

WLCoxf

IDKF
Sid

EF

AF

**

*
=                            (2) 

where Sid represents the power spectrum density of the 

flicker current noise. KF and AF are process dependent noise 

constants. For example, KF for the 0.18µm process is nearly 3 

times that of the 0.35µm process. If all things else being equal, 

the noise level for the 0.18µm process is 3 times than that of 

the 0.35µm process not to mention that the relationship of AF 

to noise is actually exponential and the noise level will be 

much higher than 3 times!  

Even with the drawback of the higher noise level for the 

advanced process, the advanced process is still of interest 

because the low-noise amplifier is just one block of the whole 

system. Going for a more advanced process is still attractive 

for optimizing overall system performance. Therefore, this 

work chooses the 0.18µm process with its naturally higher 

noise level and then carefully analyzes and reduces this noise 

level. This work achieves a NEF of 2.53, which is comparable 

to, if not better than, other works with the larger process.  

V. CONCLUSION 

This study proposes a low-noise, low-power amplifier for 

biomedical implantable devices. Low noise and low power 

consumption are achieved by operating the transistors in the 

subthreshold region. Post-layout simulation shows the input 

referred noise of the system is 2.19µVrms from 10Hz to 10 

kHz, power consumption is 55.8µW, and the NEF is 2.53. 

The amplifier was fabricated using a TSMC 0.18µm 1P6M 

CMOS process.  
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