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Abstract. As the core component of electronic circuits, amplifiers play a pivotal role in fields
such as communications, medical care, audio processing, instrumentation, scientific research and
military technology. However, the noise problem of the amplifier has a direct impact on the
reliability and accuracy of the system, how to reduce the impact of noise is crucial. This paper
aims to study and solve noise problems in amplifier design. The first part focuses on the design
of operational amplifiers. By adjusting the circuit structure and introducing current mirrors, the
noise of the input and output stages is successfully reduced and the amplifier performance is
improved. The second part focuses on the design of instrumentation amplifiers, introducing
kT/C noise elimination technology, chopper modulation structure solves the noise and aliasing
problems in switched capacitor instrumentation amplifiers and improve performance.
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1. Introduction
Amplifiers are indispensable components in electronic circuits, and their applications widely cover
various key fields such as communications, medical care, audio processing, instrumentation [1], etc. In
the field of communications, amplifiers are used to enhance the transmission range and quality of signals,
and medical equipment also requires high-quality amplifiers to collect and process physiological signals,
such as electrocardiogram and MRI equipment [2]. In the field of audio processing, amplifiers are used
to ensure high-fidelity sound effects, which affects our listening experience in music, movies, and games.
Instrumentation requires high-precision amplifiers to ensure measurement accuracy. In scientific
research and military technology, amplifiers are widely used to process various signals to meet scientific
experiments and mission requirements, including particle accelerators, radar [3], satellite
communications, etc. The applications of amplifiers cover many fields such as scientific research,
laboratory measurement and industrial applications. With the rapid development of modern information
technology and the promotion of the Internet, artificial intelligence, autonomous driving and other fields,
the public demand for amplifiers for sensor networks and signal processing is also increasing. For
example, self-driving cars require up to hundreds of sensors to sense the surrounding environment and
closely connect the physical world with the network control; sensor applications have expanded to many
fields such as industrial production, resource exploration, and medical diagnosis [4].

However, despite significant advances in integrated circuit technology, amplifier design still faces
new challenges,it requires to adapt to special requirements in different fields, such as low power
consumption, high performance, mobility, etc. In these areas, the performance and noise characteristics
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of the amplifier are directly relevant to the reliability, accuracy and efficiency of the system. Amplifier
noise mainly includes thermal noise, 1/f noise (also called low-frequency noise or drift noise), input
noise [5], etc. These noise sources can come from the device itself, environmental interference, and the
design of the amplifier circuit. Thermal noise is caused by thermal movement within components and is
related to temperature and resistance [6].1/f noise is noise that is inversely proportional to frequency. It
dominates the low-frequency band and often affects the performance of low-frequency amplifiers. Input
noise is random fluctuations in the input signal that can be reduced by modifications to the signal source.
In order to reduce amplifier noise, predecessors have adopted a variety of methods, including selecting
low-noise components, improving the circuit topology, and optimizing the working conditions of the
amplifier [7]. Different amplifier structures have different effects on noise suppression. Therefore, in-
depth study of the noise characteristics of these structures is crucial to improve amplifier performance.
Noise suppression has therefore become a crucial challenge in amplifier design.

The subject of this paper is amplifier noise reduction. The research is mainly conducted on two
practical studies. In the first study, the traditional operational amplifier architecture is optimized to meet
the key parameter requirements of the operational amplifier in the partial discharge detection circuit. To
solve the problem, a folded cascode structure, the noise reduction structure and simulation results of
three operational amplifiers are given. In the second study, for the noise reduction problem of instrument
amplifier research, the noise time threshold diagram was obtained through low-frequency following and
high-frequency suppression methods, and the noise was preliminarily sorted, and then chopper
modulation was used to make the low-frequency components of the noise voltage positive and negative.
Negatives cancel each other out, thus eliminating noise.

This paper is divided into five parts: First part is an introduction, which introduces the application
background of amplifiers, the causes of noise and the importance of eliminating noise.Second part
introduces low-noise design methods for operational amplifiers. The third part introduces how
instrumentation amplifiers perform the noise reduction. The fourth part is the experimental results and
analysis, which analyzes the data obtained from the two different experimental methods. The fifth part
is a summary, containing the research results and prospects for future noise reduction in amplifiers.

2. Design of low-noise operational amplifier

Optimize the traditional operational amplifier architecture to meet the key parameter requirements of
the operational amplifier in the partial discharge detection and conditioning circuit. Text chose the folded
cascode structure, the output noise of the output stage, and the noise reduction structure of the three-op
amp instrumentation amplifier to solve the problem.

2.1. Noise processing for input stage folded cascode structure
The main structure of the op amp adopts a folded cascode circuit as shown in Figure 1.
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Figure 1. Folded cascode circuit.
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In the figure, since the current mirror of M3M4 that provides small signal flows through the
maximum current, a large amount of noise is generated. By calculating the equivalent input noise in the
circuit:
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It can be seen that it can be achieved by increasing gm1, 2, decreasing gm3, 4, and gm9, 10. The
reduction of the latter is a compromise between power consumption and area and noise, which needs to
be achieved by increasing the input tube current and reducing the overdrive voltage. To this end, the
current mirror needs to be divided into two current mirrors to reduce the noise as shown in the Figure 2:

VDD VDD
T (K—1I,/2 (K—1I,/2
M, jl——{[: M,
|—M:EEH_°V‘P
M, :]|——’—{l: M,
M, :“—{[:\ M,

Figure 2.Current splitting folded cascode circuit.

M2 is divided into identical M1a and M 1b. M3 and M4 are divided into two identical current mirrors,
and the width-to-length ratio is K to 1. The equivalent input noise of the circuit is:

Ve 2 1+k? Gm3a,4 1 gm9, 10 1 )
V2, =8k % - m3odo 4 Gmot0
3 <9311a,2a : (k + 1) 2 gr%zla,2a k + 1 gil(z,za (k + 1) 2
Kp'(1+k2) Ky . 9313,4 . 1
Y I WLy, - (k+1)?  WLsy gp1. k+1
an'f + Kp . gm9,10 . 1

WLy 1o goio (K+1)2

It can be seen that the equivalent input noise of the operational amplifier is reduced.

2.2. Processing of output stage output noise
Use an enable circuit to allow the circuit to control whether to operate an amplifier through the power
supply voltage or ground voltage, thereby avoiding output noise caused by incomplete reference voltage
establishment after power-on.

The complete operational amplifier circuit shown in Figure 3:
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Figure 3. Detailed circuit structure of high-speed, low-noise operational amplifier.

The structure on the left is the enable control port, the middle is the split cascaded code structure,
and the structure on the right is a rail-to-rail output stage. The structure of the operational amplifier is as

follows:
-
V, o——+ b

(Voo |

o ‘Nz

Figure 4.Basic simulation circuit of operational amplifier.

The current-split structure not only helps achieve low noise but also increases speed. Considering
power consumption, we adjusted the ratio of transconductance so that the gain-bandwidth product of the
RFC structure under the same power consumption is twice higher than that of the traditional structure,
that is, the speed is increased by two times. In addition, the output impedance of the RFC structure is
larger, which makes its DC gain 8-10dB higher than the traditional structure, with better linearity and
power supply rejection ratio.

In the equivalent input noise simulation circuit, the op amp is connected to a unit negative feedback
structure, the positive terminal is connected to a 600mV DC voltage, and the output is connected to a
load of a 20pF capacitor and a 2k resistor in parallel. Through cadence’s noise simulation, we can get
the input terminal voltage noise frequency density distribution, as shown in the Figure 5:
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Figure 5. Equivalent input noise simulation results of op amp [8].

Through cadence’s noise simulation, we can get the frequency and density distribution of the input
voltage and noise, that is, the equivalent input noise of the ordinary op amp is 16.36HZ, while the noise
of the improved op amp is 3.44HZ.

2.3. Noise processing of three-op amp instrumentation amplifier
Instrumentation amplifier has the advantages of low noise, high input impedance, low output impedance,
high common mode rejection ratio and stable and accurate gain. It is a kind of differential amplifier and
is divided into single-op amp instrumentation amplifier, dual-op amp instrumentation amplifier, and
three-op amp instrumentation amplifier.

Compared with single op amp and dual op amp, three-op amp amplifier has various advantages. The
three-op amp amplifier used in this article is shown in the Figure 6:
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Figure 6. Three-Op Amp Instrumentation Amplifier.
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In order to reduce the impact of noise, OA1, OA2, and OA3 all use high-speed, low-noise operational
amplifier models, shown in Figure 7 below:
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Figure 7. Multistage amplifier noise model.

The gain was concentrated in the input stage, and the noise simulation was performed on the three-
op-amp instrumentation amplifier. The measured noise at IMHz was 143.04nV/VHz, which met the
requirements.
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Figure 8. Three-Op Amp Instrumentation Amplifier Frequency-Gain Curve [8].

3. Noise reduction design for low-noise high-gain instrumentation amplifier research

Capacitive instrumentation amplifiers based on switched capacitor discrete-time technology commonly
suffer from noise mixing kT/C noise elimination technology and chopper modulation structure can
improve the performance of this circuit to solve the defects of switched capacitor circuits.

3.1. kT/C noise cancellation technology

A simple CMOS sample and hold circuit is shown in Figure 9. The circuit consists of an NMOS tube
and a sampling capacitor Cs. The NMOS tube serves as a switch and is periodically controlled by the
clock CK. The clock period is Ts and the conduction duty cycle is m. Assume that the input signal
changes little and operates near low voltage. When the clock CK is high level, the switch is turned on
to form a low-pass filter, which limits the signal bandwidth to below 1/Ron*Cs to achieve low-frequency
following and high-frequency suppression. . When the clock CK is low, the switch is turned off and the
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sampled value on the capacitor Cs is maintained until the next high clock arrives.
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Figure 9. Basic CMOS sample and hold circuit.

The kT/C noise elimination technology proposed in this chapter is a noise shaping technology based
on the kT/C noise transformation mechanism, targeting the holding process and combined with chopper
modulation technology. First of all, it is usually assumed that the Nyquist frequency of the signal of

interest in engineering is far lower than the sampling frequency f_, that is, this technology is only
suitable for low-frequency signal processing. The noise transformation mechanism diagram is as follows:

Wide-band Narrow-band
thermal noise RC Low KT/C noise Sample Hold and
pass filter process chopper process

Reshaped noise

.

Figure 10. Construction of vh(t) noise transformation mechanism model.

In extreme cases, the sampling conduction duty cycle m—0, the signal Virc(t) on the sampling
capacitor Cs is sampled, and then the holding voltage vh(t) is formed in a short period of time. At this
time, the thermal noise introduced by the switch on-resistance will affect the output noise power spectral
density function. The power spectral density function of the output noise of the noise through the sample
and hold circuit is when the on-duty ratio m—0:

Svh(w)lmao=5m02<w—T)-Ts KT

2 oA

Then, the holding voltage vh(t) of the positive-phase output is flipped once, and then flipped again
after a time of (1-m)Ts/2. This causes the noise voltage to undergo repeated chopper modulation, so that
the chopper frequency feis the same as the sampling frequency fs, and the noise voltage vh&ch(t) after
chopper modulation is obtained.
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Figure 11. Time domain diagram of noise voltage before and after kT/C noise elimination [9].
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When observed in the time domain, when the band-limited kT/C noise is sampled on the sampling
capacitor Cs, the noise voltage at this time can be seen as a tiny DC component. During the hold process,
the noise voltage undergoes chopper modulation, the low-frequency component of its output continuous
noise voltage is offset by one positive and one negative, and its mean value is 0.

3.2. Main amplifier noise optimization

When this article adopts the fundamental frequency kT/C noise elimination technology, the switched
capacitor instrumentation amplifier successfully solves most of the noise problems. Except for some
continuous thermal noise and the internal low-frequency noise of the main amplifier, other noise can be
almost ignored.

In order to further improve the noise performance, the article introduces source-level resistor negative
feedback (as shown in Figure 12). In this step, the 1/f noise and thermal noise of MOS tube M4 is
reduced through high gain gm4*R, leaving only the thermal noise of the resistor as the main contribution
to the output noise. Resistor R generates almost no 1/f noise, and its thermal noise power efficiency is
significantly higher than that of MOS tubes. The input equivalent thermal noise power spectral density
of the MOS pair of transistors M1 and M4 and the resistor pair R in the main amplifier designed in this
article is:
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Figure 12. Source resistance negative feedback.

When increasing the source resistance R, increasing the input transconductance gm1 of the transistor
M1, and reducing the product gm4°*R of the source resistance and the transconductance of the M4
transistor, the input equivalent thermal noise of the main amplifier can be reduced.

In the design, the source negative feedback resistor R=6k(Q is selected, the compensation capacitor
CC is about 3pF, and the transconductance gml of the input NMOS pair tube working in the sub-
threshold region is 1.3mS. Using Cadence to simulate the performance of the main amplifier, its open-
loop DC gain is greater than 136-dB at each process angle, and the unit gain bandwidth (Unity Gain
Bandwidth, UGB) is greater than 37.5-MHz. Under the load capacitance C=2-pF,the phase margins are
all greater than 56°, and the input equivalent noise at the chopper modulation frequency fcx 1a is 100-
kHz is less than 4.5-nV/VHz (Figure 5.14), further improving the performance of the overall system.

124



Proceedings of the 3rd International Conference on Computing Innovation and Applied Physics
DOI: 10.54254/2753-8818/14/20240912

50 =
T'=27°C
40
- —— Worst ss Corner 4.48-nV/\Hz
%30‘ —— Typical tt Corner 4.23-nV/\Hz
é‘ —— Best  ff Corner 3.80-nV/\Hz
\_r20_
g
Lo+
109 101 102 103 104 10°

freg H2)

Figure 13. Input equivalent noise at main amplifier chopper modulation frequency [9].

4. Analysis of results

The first study is the design of an operational amplifier. It mainly deals with the noise of the folded
cascode structure of the input stage and the output noise of the output stage. It adopts the method of
adjusting the pipeline transconductance and introducing a current mirror to reduce the noise of the input
stage and the output stage.

The second study give priority to the design of instrumentation amplifiers, using switched capacitor
technology and noise optimization of the main amplifier to cope with different application requirements.
It introduces kT/C noise elimination technology, uses chopper wave modulation technology to solve the
noise problem of switched capacitor instrumentation amplifiers.

The application scenarios need to be clearly designed. If it is an instrument application that requires
high-precision measurement, then the method in the second article is more suitable. If it is a general-
purpose operational amplifier, the method in the first article may be more applicable. Both articles
emphasize the importance of noise sources, but they may need to be considered more comprehensively
during the design process to identify the most critical noise sources and reduce their impact in a targeted
manner. Spectrum analysis is mentioned in the second article, and the first article can also provide a
more in-depth noise spectrum analysis [10] to determine the frequency domain characteristics and
impact on the design. Consider adopting emerging noise reduction technologies such as adaptive
filtering, digital signal processing, etc. To further improve performance.

5. Conclusion
The paper focuses on the noise reduction design of amplifiers and discusses two practical cases. The
first case focuses on the design of low-noise operational amplifiers. By optimizing the traditional
operational amplifier architecture, using a folded cascode structure, and a noise reduction structure of a
three-op amp amplifier, the amplifier’s input and output effective noise is successfully reduced, making
it more suitable for applications such as partial discharge detection and conditioning circuits. In the
second case, the noise reduction design of a low-noise, high-gain instrumentation amplifier was studied,
and kT/C noise elimination technology and charge injection effect compensation technology were
introduced to effectively suppress the noise aliasing problem in switched-capacitor instrumentation
amplifiers, optimizes the performance of the main amplifier and enables it to exhibit excellent
performance under various process conditions.

In the design of the first operational amplifier, by adjusting the pipe transconductance and introducing
current mirrors, the noise of the input stage and the output stage can be significantly reduced, thereby
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improving the performance of the amplifier. This has important practical implications for applications
requiring high-precision signal processing, such as partial discharge detection. In the second
instrumentation amplifier, kKT/C noise elimination technology and chopper modulation structure is used
to effectively improve the performance of the switched capacitor instrumentation amplifier. This enables
the amplifier to exhibit higher performance in broadband signal processing.

For the future, new noise reduction technologies and methods, such as Low noise chopper amplifier
with adaptive filtering and digital signal processing [11], can be further explored to further improve the
performance of amplifiers. The field of amplifier design still has broad research prospects and challenges,
and will continue to promote the development of electronic circuits and instrumentation technology.
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