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Agenda
 Understand the main noise sources of amplifier circuits and how to 

find the corresponding noise parameters in an operational amplifier 
datasheet

 Understand the definition of each noise source and how to calculate 
the noise value in a real circuit

 How to use the simulation tool to quickly obtain the noise index of 
the amplifier circuit

 Familiar with ADI's typical low noise amplifier products
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Where does noise come from?
-Extrinsic
-Intrinsic
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Extrinsic Noise
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Intrinsic Noise
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Main Sources of AMP Intrinsic Noise
-Resistor
-Amplifier
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Resistor noise
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Thermal noise of an ideal resistor
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very 
complex！
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Resistor noise shortcut
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Noise Spectral Density vs. Resistance
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Amplifier Noise model
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Broadband Noise
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1/f Noise
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ADA4610-1Voltage Noise Density 0.1 Hz to 10 Hz
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Burst Noise
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Input Voltage Noise
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ADA4610-1Voltage Noise Density vs. Frequency, VSY = ±5 V
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Input Current Noise
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1/f Noise How to calculate？
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How to deal with 1/f Noise
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RTI RTO
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Noise Gain
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Total noise
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Main noise
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Amplifier noise model for monopole point system
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Noise bandwidth
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Noise gain determines stability
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Why so many units?
-nV/√Hz, µVrms, µV p-p 
-converting between units
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Noise depends on bandwidth
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What’s quick to measure?
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What’s accurate?
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How to convert
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nV/√(Hz) --> µ Vrms
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μVrms -> μVp-p
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Noise Tip #1: Apply Gain Early
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Noise Tip #2: Watch out for source impedance
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Noise Tip #3:CMOS JFET or Bipolar？
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Noise Tip #4:Noise measurement
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Noise Tip #5:How to Reduce Noise？
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LTspice
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LTspice Simulator | 亚德诺半导体 (analog.com)

https://www.analog.com/cn/design-center/design-tools-and-calculators/ltspice-simulator.html
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LTspice
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LTspice Simulator | 亚德诺半导体 (analog.com)

https://www.analog.com/cn/design-center/design-tools-and-calculators/ltspice-simulator.html
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ADI Typical Low Noise Amplifier
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Key Features

► VOS drift (TCVOS): 70 nV/°C typ., 0.5 µV/°C max at 0°C to 85°C

► VOS: ±20 µV max at 25°C

► 1/f noise: 1 µV p-p typ. from 0.1 Hz to 10 Hz

► Noise density: 5 nV/√Hz typ. at 1 kHz

► Gain Bandwidth Product (GBP): 10.4 MHz typ.

► Slew rate: 19 V/µs typ.

► Input bias current: 10 pA max 25°C

► Low THD: -134 dB at 1 kHz

► Capacitive load drive capability: 1 nF

► Integrated EMI

Key Applications

► Automated test and measurements

► Data acquisition systems

► Multiplexed-input signal chains

► Electronics test and measurements

ADA4510 Competitor
TCVOS (-40°C to +125°C, 
Max)

0.7 µV/°C 0.8 µV/°C

Offset Voltage (Max) 20 µV 25 µV

1/f Noise 1.0 µV p-p 1.3 µV p-p

Voltage Noise Density 5 nV/√Hz 5.5 nV/√Hz
4128 August 2023

Sample Date: Now (SOIC)

DEVELOPEMN
T

Release Date: Aug 2023 (SOIC)

Feb 2024 (MSOP)

ADA4510: 40 V, 70 nV/°C, Low VOS, Low IB,  Low Noise RRIO Op Amp
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► IB
► Offset 
► Offset drift
► Noise

ADA4622

► Noise
► Slew rate and GBW
► IB
► Quiescent current
► No MSOP package

ADA4625

► IB
► Offset 
► Offset drift

ADA4610

► Offset/offset drift 
► Noise
► Supply voltage range
► Quiescent current
► IB 
► Settling time
► Slew rate and GBW

ADA4522

► Offset 
► Offset drift
► IB
► Small package (on list) 
► Competitive price
► Derivatives
► Good noise, slew rate, and 

GBW

ADA4510

The ADA4510 is Analog Devices’ latest high input 
swing CMOS op amp part with the best overall 
precision 

► Flagship precision amplifier product
► Stable process and reusable IP for future derivatives 
► Latest technology with the top reliability, durability, 

and accuracy 
► Outstanding platform amplifier

28 August 2023

ADA4510: Portfolio Positioning
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Features Benefits
► Excellent DC operational range

 Supply voltage range: ±3 V to ±20 V
 Rail to rail inputs and outputs
 -40°C to +125°C operation

► Easily allows user to upgrade performance and accuracy to any system 
architecture by offering an extensive operating range in supply voltage, 
input/output voltage, and temperature range

► Wide applicability
► Low offset voltage

 20 µV max at 25°C
► Improves system DC accuracy; also improves system dynamic range by 

allowing smaller signals to be sensed at the input
► Low offset voltage drift

 70 nV/°C, typ., 0.5 µV/°C max at 0°C 
to 85°C

► Enables stability and precision at temperature, eliminating need for 
calibration

► Low input bias current
 10 pA max at 25°C

► Suitable as a sensor interface amplifier for high impedance sensors such as 
photodiodes, piezoelectric, pH cell, etc.

► Low noise
 1 µV p-p typical at 0.1 Hz to 10 Hz
 5 nV/√Hz typical at f = 1 kHz

► Enables high resolution sensor interface solution

► High slew rate and fast settling time
 19 V/µs

► Dynamic specs enable higher measurement throughput for increased 
sample rate in data acquisition systems

► Low THD, high cap load drive capability, and fast 
settling

► Enable driving the ADC directly without ADC driver
► Minimized distortion

► Integrated EMI filter ► Makes the end solution more robust in harsh RF environments by 
rejecting high frequency signals before they reach the amplifier’s sensitive 
inputs

28 August 2023

ADA4510: 40 V, ±70 nV/°C, Low VOS, Low Noise RRIO Op Amp



© Macnica, Inc.

Low TCVOS
Low IB

SENSOR INTERFACE
MUXED INPUT

High Slew Rate
RRIO Low Noise

High Bandwidth

DAQ

DAC BUFFERACTIVE FILTERS

Low IB
High Bandwidth

Low VOS
Low TCVOS

High Linearity
Low VOS and TCVOS

ADA4510

PRECISION REFERENCE BUFFER

28 August 2023©2023 Analog Devices, Inc. All rights reserved. 44

Typical Applications
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ADA4077-1/ADA4077-2/ADA4077-4: 36 V, 4 MHz, 7 nV/√Hz, 
Low Offset and Drift, High Precision Amplifier

► 5th generation of the successful OP77 and OPx177

family amplifiers

► Reduced offset and drift with a low noise system provide 
improved system accuracy as well as bandwidth  

► BiPolar® technology to improve power efficiency and 
increase the system bandwidth for higher speed applications 

► Low noise improves precision in high resolution systems

► Combination of precision specifications eliminates the need for 
design trade-offs

► Rated for the highest industrial environmental and manufacturing 
specifications required for demanding applications

Key Benefits

Part 
Number

Bandwi
dth
GBP 
(typ)

Slew 
Rate
(typ)

VNOISE
Density

(typ)

VOS
(max)

VOS 
Tempco

(typ) 

VOS
Tempco
(max)

ADA4077-2         
B Grade* 3.9 MHz 1 V/µs 7 nV/rtHz 25 µV 100 

nV/°C
250 

nV/°C

OP2177 1.3 MHz 0.700 
V/µs

7.9 
nV/rtHz 75 µV 200 

nV/°C
700 

nV/°C
B Grade 

Improvem
ent over 
OP2177

200% 43% 11% 67% 50% 64%
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Key Features:

 No other Zero-Drift Amplifier can provide the ultra-low 
noise performance of the ADA4523-1 at 4.2nV/√Hz @ 1kHz 
typ

 Integrated voltage noise over the entire bandwidth is 
reduced 25%, while still increasing the usable bandwidth

Key Benefits:

 Improves system dynamic range at lower frequencies, 
allowing smaller signals to be sensed at the input

 Eliminates the need for expensive temperature calibrations 
by self-correcting offset errors

 Allows lower noise at total power consumption with the 
shutdown feature

ADA4523-1: 36V Single Op-Amp, The Lowest Noise Zero-Drift Amp
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A Transparent ADC Driver:

 ADC Drivers should be “transparent” in the signal chain their 
presence should not influence the signal being digitized  

 The LTC6226/6227 are transparent ADC drivers minimizing their 
footprint within the signal path by offering low noise, low distortion 
and high speeds complementing the faster LTC6228/6229 offering

Key Specs:

 Ultra Low Voltage Noise: 1.0nV/√Hz 

 Low Distortion at High Speeds: 

 HD2/HD3 < −90dBc (Av = +1, 4VP-P, 2MHz, RL = 1kΩ) 

 High Speed: 420MHz GBW, 180V/μs Slew Rate

 -3dB Frequency (AV = +1): 330MHz

 Supply Range: 2.8V to 11.75V

LTC6226/LTC6227: Single and Dual, Low Noise, High Speed, (420MHz)
High Slew Rate Low Distortion Rail-to-Rail Output Op Amps with Shutdown
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LTC6228/LTC6229: ±5V Low Noise, High Speed, (890MHz)
High Slew Rate, Low Distortion, Rail-to-Rail Output Amps

A Transparent ADC Driver:

 ADC Drivers should be “transparent” in the signal chain their presence 
should not influence the signal being digitized  

 The LTC6228/6229 are transparent ADC drivers minimizing their footprint 
within the signal path by offering low noise, low distortion and high speeds 

Key Specs:

 Ultra Low Voltage Noise: 0.88nV/√Hz 

 Low Distortion at High Speeds: 

 HD2/HD3 < −100dBc (Av = +1, 4VP-P, 2MHz, RL = 1kΩ) 

 High Speed: 890MHz GBW, 500V/μs Slew Rate

 –3dB Frequency (AV = +1): 730MHz
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ADA4610-1/-2/-4 Low Noise, Precision, Rail-to-Rail Output, 
JFET Op Amps

► ADA4610-1: single-channel in SOIC and 5-lead SOT-23

► ADA4610-2: dual-channel in 8-lead MSOP and 8-lead LFCSP

► ADA4610-4: quad-channel in 14-lead SOIC and 16-lead LFCSP

► Low offset voltage
 B grade: 0.4 mV maximum (ADA4610-2 only)
 A grade: 1 mV maximum 

► Low offset voltage drift 
 B grade: 4 μV/°C maximum (ADA4610-2 only)
 A grade: 8 μV/°C maximum 

► Low input bias current: 5 pA typical

► Dual-supply operation: ±5 V to ±15 V 

► Low voltage noise: 0.45 μV p-p at 0.1 Hz to 10 Hz 

► Voltage noise density: 7.3 nV/√Hz at f = 1 kHz 

► Low distortion (THD + noise): 0.00006% 

► No phase reversal 

► Rail-to-rail output unity-gain stable

Features and specifications Portfolio Positioning

► ADA4610-1 replaces AD8510 pin-compatible

► ADA4610-2 replaces AD8512 pin-compatible

► ADA4610-4 replaces AD8513 pin-compatible

► The ADA4610-x is significantly better in more than seven key specifications, 
including input bias current, voltage noise, noise density, distortions, rail-to-rail 
output, and is less expensive

Competitive Positioning

► Provides as much as 2× higher bandwidth and 25% better slew rate than the 
competition while consuming 2.6× less current
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ADA4625: 36 V, 18 MHz, low noise, fast stable single power supply,
RRO, JFET operational amplifier

► Wide gain bandwidth product: 18 MHz (typical value) 

► High voltage swing rate: 48 V/µs (typical value) 

► Low voltage noise density: 3.3nV /√Hz at 1 kHz (typical value) 

► Low peak noise: 0.15 µV p-p, 0.1 Hz to 10 Hz 

► Low input bias current: ±15 pA at TA = 25°C (typical value) 

► Low offset voltage: ±80 µV at TA = 25°C (Max) 

► Offset voltage drift: ± 1.2µV /°C at TA = −40°C to 85°C (Max)

Features and specifications
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MAX40078: wide band, low-noise, low-input bias current operationa  
amplifier

► Low Input Voltage Noise Density: 4.2nV/√Hz at 30KHz

► Low Input Current Noise Density: 0.5fA/√Hz

► Low Input Bias Current: 0.3pA (typ)

► Low Distortion: 0.00035% or -109dB THD+N (1kΩ

► Load)

► Single-Supply Operation from +2.7V to +5.5V

► Input Common-Mode Voltage Range Includes Ground

► Rail-to-Rail Output Swings with a 1kΩ Load

Features and specifications
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QA
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