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AHEAD OF WHAT'S POSSIBLE™

Why We Care About Noise _ ANNDS

It can be difficult to carry on a conversation in a noisy environment such as a bar or a restaurant or near a waterfall

Similarly, it can be difficult to measure small signals in the presence of noise
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Low Noise Enables Precision Signal Chains L pevices
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Creating low noise signal chains enables higher resolution designs and improved signal analysis.  Analog Devices offers the lowest noise signal chains from amplifiers to ADC’s to extract the maximum performance from your sensor.
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Why We Care About Noise L@ DEvICES

low noise in analog circuits increases the information that is obtained from the sensor

It is therefore important to understand:
What are the different types of noise?
Where does noise come from?

How do we predict and analyze noise?

Noisy signal

Amplitude

Low noise signal

Time
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Data within a signal can be easily masked by noise. Start your design with the goal of obtaining the lowest overall system noise and select the best signal chain components for your project to maximize performance.  Understanding where noise originates from and how it makes its way into the ADC are key to minimizing the overall noise in the design, resulting in maximum and repeatable and dependable performance.
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RTO - Acronym meaning Referred to Output
RTI - Acronym meaning Referred to Input

Noise Power Spectral Density - Expressed in(W/Hz)is the square of either voltage noise spectral
density or current noise spectral density

Voltage Noise Spectral Density - Voltage noise spectral density is a measurement of noise voltage
per square-root hertz often expressed with units of nVgys/SORT-Hz

Current Noise Spectral Density - Current noise spectral density is a measurement of noise current
per square-root hertz often expressed with units of fAgys/SORT-Hz

Integrated Noise - Also sometimes called total noise, can be thought of as the amount of “fuzz” you
would see on a perfect, noiseless oscilloscope over a given measurement bandwidth. Integrated

noise can be expressed in units RMS or peak-to-peak. Itis called “integrated noise” as it is the area
under the noise power spectral density curve when integrated over the frequency range of interest

Noise Bandwidth - Is different than the signal bandwidth and is a concept used to relate the area
under the noise power spectral density curve as a function of the steepness of the roll-off at high
frequency

Analog Devices Confidential Information. ©2021 Analog Devices, Inc. All rights reserved. 2 May 2024


Presenter
Presentation Notes
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Noise Gain - Can be different than the signal gain. Noise Gain throughout this presentation refers to
the gain from the opamps equivalent input noise voltage source. The gain will be the same gain as for
the non-inverting opamp configuration, i.e. 1+Z:/Z

Equivalent Input Noise Voltage - a voltage source with units of V/SORT-Hz placed in series with IN+
terminal. This equivalent voltage source represents all of the noise sources internal to the opamp
reflected to the input

Equivalent Input Noise Current - a current source with units of A/SORT-Hz placed at each input
terminal of an opamp and ground. This equivalent current source represents the noise associated
with the input bias current and leakage current of an amplifiers input stage

NSD - Acronym meaning Noise Spectral Density. Describes the noise parameter as a function of
frequency

Analog Devices Confidential Information. ©2021 Analog Devices, Inc. All rights reserved. 2 May 2024



ANALOG
DEVICES

Noise in the Time Domain

Voltage

Time

Noise is often times viewed in the time domain, with time plotted on the X-axis and voltage plotted on the Y-axis
You can think of noise in the time domain as an infinite summation of sine waves at different frequencies

Specifically, for an opamp you can think of the equivalent voltage noise of an opamp as representing the input offset
voltage changing in time

Source:
Art Kay, Operational Amplifier Noise Techniques and Tips for Analyzing and Reducing Noise, Boston, Newnes/Elsevier, 2012
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Think of the offset voltage of an opamp changing in time…if you had a perfect noiseless voltmeter and measured the opamp offset voltage 1000 times you would have 1000 different readings due to noise
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Noise in the Frequency Domain BRI
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Noise in the frequency domain can be thought of as an infinite number of impulses across the frequency
spectrum

»/

Amplitude

Frequency

Source:
Art Kay, Operational Amplifier Noise Techniques and Tips for Analyzing and Reducing Noise, Boston, Newnes/Elsevier, 2012
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Thermal Noise

_—683%0f 99.7% of

g T i the values ~ the values
AT AT R

Voltage

Time

Number of Standard Deviations Chance of Measuring Voltage (%)

Noise is randomin

2 sigma (+/-1sigma) 68.3
3 sigma (+/-1.5 sigma) 86.6 nature aﬂd ge.nel.‘ally.has
. : a Gaussian distribution.
4 sigma (+/-2 sigma) 95.4 i
, , Statistical methods are
5sigma(+/-2.5 sigma) 98.8
_ _ used to analyze and
B sigma (+/-3 sigma) 99.7 . : .
combine noise signals
8.6 sigma (+/-3.31sigma) 99.9

Source:
Art Kay, Operational Amplifier Noise Techniques and Tips for Analyzing and Reducing Noise, Boston, Newnes/Elsevier, 2012
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Because noise has a Gaussian distribution you can estimate the relationship between RMS and Peak-to-Peak values as:

Vop = 6%V, Tor 99.7% of the population (use 6.6 for 99.9%)

Because noise sources are uncorrelated, they are combined (added) as the square-root of the sum of the squares:
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Types of Noise
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Types of Noise

Shot Noise - Associated with DC current flow in PN junctions(Diodes, bipolar transistors)

Thermal Noise - Associated with the random motion of thermally excited electrons in a conductor
1/f Noise - Associated with DC current flow and related to traps and imperfections in silicon devices

Popcorn Noise - A low-frequency noise, generally associated with ionic contamination, silicon
defects, etc

Amplitude
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Shot Noise e
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DC Current flow through PN junctions will occur as individual carriers with charge q

The electrons will transition across the PN junction randomly in time and in the aggregate will result
inan average DC current

If examined closely on a sensitive oscilloscope a DC current will look like a bunch of random current
pulses and is modelled as a current source

Shot Noise

DC current level

Lguor = \ 2q1, A

g = electronic charge, 1.602 x 10" Coulombs
I, =DC current in amps
Af = Noise bandwidth in Hertz

@ Shot Noise

Source:
Paul R. Gray, Robert G. Meyer, Analysis and Design of Analog Integrated Circuits, Third Edition, New York, John Wiley & Sons, Inc., 1993
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Thermal noise in conductors is due to the random thermal motion of the electrons
Thermal noise is directly proportional to temperature

In a resistor, thermal noise can be represented by either a voltage source in series with the resistor or
as a current source in parallel with the resistor

Thermal Noise

1 v,
4KT —Af =22
Y =%

V, =JAKTRAf
I, =

k = Boltzmann's constant, 1.38 x 10% %

T = Temperature °K
R = Resistance QQ
Af = Noise bandwidth in Hertz

P}

Source:
Paul R. Gray, Robert G. Meyer, Analysis and Design of Analog Integrated Circuits, Third Edition, New York, John Wiley & Sons, Inc., 1993
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1/f Noise

Also known as flicker noise, 1/f noise is associated with both active and passives devices and is
associated with DC current flow

In bipolar transistors, flicker noise is associated with traps caused by crystalline defects in the
emitter-base depletion layer

In CMOS devices, defects in the gate oxide or channel surface are the primary source of flicker noise

Time constants associated with the traps and defects vary across the spectrum of process
technologies giving rise to the typical NSD vs Frequency relationships shown below

I(l
I FN2 =K, F Af
K, = a constant associated with the device technology
\ I=a DC current in amps

a = a constant between 0.5 and 2

b = a constant ~1
\\\\ Af = Noise bandwidth in Hertz

Frequency (Hz)

Noise Spectral Density (V/ Hz)

Source:
Paul R. Gray, Robert G. Meyer, Analysis and Design of Analog Integrated Circuits, Third Edition, New York, John Wiley & Sons, Inc., 1993
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Historically Precision bipolar amplifiers have offered the lowest flicker corner of all amplifier technologies.  This is particularly true for older, higher voltage  diffused technologies.  More recent bipolar technologies use a poly emitter and are constructed using ion implantation…for these reasons the noise corner for modern high-speed, bipolar technologies is much higher than their older precision counterparts.  JFET historically has the next lowest flicker corner frequency and combines low offset, low noise and low input bias current.  CMOS has the highest corner frequencies of the three technologies.  Not all CMOS process are created equally and special wafer processing techniques to mitigate low frequency noise are employed in ADI technologies.  A more recent development of Zero-drift amplifiers allows for CMOS amplifiers to achieve a flat noise spectral density vs frequency, eliminating the 1/f component, but comes with the addition of chopping or switching noise and the possibility for intermodulation effects.


Popcorn Noise AN

AHEAD OF WHAT'S POSSIBLE™

Also known as burst noise or random telegraph noise

Popcorn noise inherits its name from the fact that the frequency of the noise is often times in the
audible spectrum and if listened through headphones can sound like corn popping

The noise levels will take on two (or more) discrete levels

In bipolar technologies, popcorn noise can be thought of as a sudden change in the h, (B) of a bipolar
transistor

Popcorn Noise

IC
sz
fe

g K, = a constant for a particular device technology
: I =a DC current in amps

C = a constant in the range of 0.5 to 2

Af

Jo = aparticular frequency for a given noise process
Af = noise bandwidth in Hertz

Source:
Paul R. Gray, Robert G. Meyer, Analysis and Design of Analog Integrated Circuits, Third Edition, New York, John Wiley & Sons, Inc., 1993
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Generally speaking, popcorn noise is eliminated from wafer technologies  by improving the wafer process itself.  For technologies that do not lend themselves to be completely free from popcorn noise, amplifiers can be tested and screened in production, therefore eliminating this source of noise.  You would not expect to see popcorn noise in ADI amplifiers.


Spectral Content of Various Types of Noise

Shotand Thermal

Noise Spectral Density

Frequency

Noise Spectral Density

Frequency
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Noise Spectral Density

Typical Opamp

Frequency

Typical Opamp with Popcorn

Frequency
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Considering the band limited frequency range of precision amplifiers shot noise and thermal noise have a flat NSD vs frequency.  Flicker NSD is a decreasing function and cannot be filtered out with simple RC filters…this is since at lower and lower frequencies the flicker magnitude is increasing.  In the most demanding of low noise systems, flicker noise can limit the system resolution.  A figure of merit for describing  the l,ow frequency noise of an amplifier is the 0.1 Hz to 10 Hz noise voltage vs time plot.  Typical NSD plots for an amplifier are shown.
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Noise in Resistors
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Modeling Thermal Noise in Resistors Ld bevices
The noise power in a conductor is given by: The noise voltage of a resistor is modelled as:

N, =kTAf V. =\J4kTRAf

Where: V

k = Boltzmann's constant, 1.38 x 10> % —

T = Temperature °K e Noiseless

resistor
generator

Af = Noise bandwidth in Hertz

Rule of Thumb
A 1k() resistor has a noise voltage of 4nV/SQRT-Hz, you can

use this simple Rule of Thumb to determine the noise for
any other resistor with the following equation:

v, =4 nV/ VHz x, /f—; m==) Example: a 100k resistor has a noise density of 40 nV/ vV Hz
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Noise Iin Transistors
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Modeling Noise in Bipolar Transistors DRVICES
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Equivalent input

Thermal noise in Shot noise in noise voltage
base resistance CoIIector current generator
¢
@W@ﬁL @ﬁ@ — @ $LM5§
Shot noise +1/f noisein Equwalent input
base current noise current
generator
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Bipolar transistors have shot noise associated with their DC collector current, shot noise and 1/f noise associated with their base current and thermal noise associated with the physical resistance in the base region.  All these sources can be combined into simplified input referred equivalent noise voltage and noise current generators.  It is worth noting that higher collector current results in lower input referred noise voltage.  This is since the transconductance of the transistor is directly proportional to the DC collector current and the shot noise in the collector is proportional to the square root of the DC collector current.  Higher quiescent current amplifiers tend to have lower noise voltage.


Modeling Noise inJFET and CMOS Transistors DEVICES

AHEAD OF WHAT'S POSSIBLE™

Thermal noise and Equivalent input Equivalent input
Shot noise in gate 1/f noise in drain noise voltage noise current
current current generator generator

‘;

gate

l’ l’ A
drain @ drain
1 1.
|62 Ces Vos  Om Vs rg Ip? |:> IN? Cys Vgs  Gm Vs rq
I source I

gate

source
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JFET and CMOS transistors have thermal noise and 1/f noise associated with their DC drain current, shot noise associated with their gate current.  All these sources can be combined into simplified input referred equivalent noise voltage and noise current generators.  It is worth noting that higher drain current results in lower input referred noise voltage.  
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Summary(so far) A
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Noise, if not mitigated can mask out small details in analog signals
Noise is random in nature, having a Gaussian distribution

You can think of noise as the input offset voltage of an opamp changing in time (similar for input bias
current)

There are common types of noise in every opamp circuit
= Thermal noise fromresistors, JFETS and CMOS devices

= Shot noise from bipolar transistors and input leakage currents

= Flicker noise from bipolar, JFET and CMOS transistors

= Popcorn noise is generally eliminated for amplifiers and rarely needs to be considered

The lowest noise amplifiers have historically been Bipolar, followed by JFET then CMOS This is
particularly true for the low frequency region dominated by 1/f noise

Zero-Drift amplifiers are built on CMOS technologies and eliminate 1/f noise and as such only the
broadband noise spectral density needs to be considered in any noise analysis

Ultimately overall system noise performance can be limited by the 1/f noise in very low frequency
systems
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Noise in Amplifiers
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Sources of Noise in Operational Amplifiers PEVicES
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Operational amplifiers are made from transistors, resistors and capacitors

Transistors will be either bipolar, JFET or CMOS

Each of these noise sources can be represented by a noiseless element with its corresponding noise
sources(voltage and/or current) placed at the input

It stands to reason then an amplifier will likewise consist of many internal noise sources than can be
modelled as voltage and current sources at the amplifier inputs

In an opamp the dominant sources of noise are found in the input stage

base

W r
_O /\/\/ collector
BipOlar Ide) r,($ CJ_\; G Ve ( ) % fo
emitter —l_ i

Vi?

gate _O
INZ @ Cgs
source
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Opamp Noise Model ANNDS
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The opamp is modelled with an equivalent noise

voltage source connected in series with the non-
inverting input and two equivalent current sources,
one at each input

VCC

VOouT

IBn
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Dl

Equivalent Noise @
Voltage Generator

N

Voltage Noise Spectral Density vs Collector Current for an Ideal Bipolar Transistor
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Integrated Noise
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Integrated Noise SRR
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Integrating the Noise Power Spectral Density curve over frequency will result in the total RMS noise
power of a signal

This is equivalent to the area under the noise power spectral density curve over the frequency range of
interest...wider bandwidth results in more area under the curve which in turn results in more noise

Power
Spectral
Density
(W/Hz)

Area under
the curve

Frequency

Source:
Art Kay, Operational Amplifier Noise Techniques and Tips for Analyzing and Reducing Noise, Boston, Newnes/Elsevier, 2012
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Integrated Noise SRR
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Opamp manufacturers do not provide Noise Power Spectral Density curves, they provide Voltage
Noise and Current Noise Spectral Density Curves...so now what?

The correct way is to convert from voltage or current to power (V2 or 12) and perform the integration

Power
Spectral
Densit

Area under
the curve

Frequency

Source:
Art Kay, Operational Amplifier Noise Techniques and Tips for Analyzing and Reducing Noise, Boston, Newnes/Elsevier, 2012
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All Systems Have Finite Bandwidth BEVICES
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Circuit bandwidths in practice do not extend to infinity and we do not have “brick wall filters”

Consider the most common band limiting filter, a first-order low-pass filter

Power
Spectral

Density
(V2/Hz) Brick wall filter

Additional noise due to

\
1 / f re |O N I, "noise bandwidth”
. broadband 7 e tenauan
/ % region
A I IIIIIIIIIIIIIIIS

Frequency

Source:
Art Kay, Operational Amplifier Noise Techniques and Tips for Analyzing and Reducing Noise, Boston, Newnes/Elsevier, 2012
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The small signal bandwidth of a system is associated at the point where the amplitude reaches -3dB of its low frequency value…you can think of this small signal bandwidth as the “brick wall” filter of a circuit.  But because the noise voltage is associated with the area under the curve the additional area due to having a non brick wall filter gives rise to the concept of noise bandwidth


Noise Bandwidth [52vices

The concept of “noise bandwidth” accounts for the additional area under the noise power spectral
density curve

The steeper the filter, the closer to an ideal “brick wall filter” a system will behave

Conveniently if the order of the LPF is known, a scaling factor can be used to relate the small-signal
bandwidth and noise bandwidth of the system

noise bandwidth = small signal bandwidth x noise bandwidth ratio

Number of Poles in Filter Noise Bandwidth Ratio

1.57
1.22
1.16
1.13
1.12

Source:
Art Kay, Operational Amplifier Noise Techniques and Tips for Analyzing and Reducing Noise, Boston, Newnes/Elsevier, 2012
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Noise Bandwidth and Filter Order

The steeper the filter (higher filter order) the less area under the curve resulting in lower total noise

Power
Spectral
Density |
(V?/Hz) Small-signal __, i

bandwidth I

brick wall —»

1t order
Z 2" order

3 order

Frequency

Source:

Art Kay, Operational Amplifier Noise Techniques and Tips for Analyzing and Reducing Noise, Boston, Newnes/Elsevier, 2012
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Calculate the 1/f Noise Voltage in V

The Voltage Noise Spectral Density is given in the opamp data sheet

Calculate the total RMS noise in the 1/f region as:

V. =e,, ln(fHIGHJ

f LOW

Where:
Noise V, = l/fnoise in Vyy,q

Voltage f
Spectral e,,. = noise spectral density at 1 Hz

Density Juoy = upper cutoff frequency of 1/f region

(V/SORT-Hz) fow = lowest frequency of interest in the 1/f region

1/f noise

Frequency

Source:
Art Kay, Operational Amplifier Noise Techniques and Tips for Analyzing and Reducing Noise, Boston, Newnes/Elsevier, 2012
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Calculate the Broadband Noise Voltage in Viys

The Voltage Noise Spectral Density is given in the opamp data sheet

Calculate the total RMS noise in the broadband region as:

Vap = eBB\/fSS x NBR

Where:

V.. = Broadband noise voltage in V,
Noise BB g RS

Voltage ey, = Broadband noise voltage density in 7
Spectral VHz

Density
(V/SORT-Hz) NBR = Noise Bandwidth Ratio (from Tablel)

Jss = small signal bandwidth in Hz

Broadband
noise

Frequency

Source:
Art Kay, Operational Amplifier Noise Techniques and Tips for Analyzing and Reducing Noise, Boston, Newnes/Elsevier, 2012
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Technically speaking one may consider that some amount of “double counting” the noise in the low frequency region may occur based upon the diagrams presented.  While this is true the amount of “double counting” is completely negligible in most practical examples of noise analysis.  Therefore, when analyzing broadband noise, you only need to consider the upper frequency when determining the noise bandwidth of a system or circuit.
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To compute the total RMS noise in a system, add the 1/f noise to the broadband noise:

Noise
Voltage
Spectral
Density

(V/SORT-Hz)

Flicker noise Broadband
noise

Frequency

Source:
Art Kay, Operational Amplifier Noise Techniques and Tips for Analyzing and Reducing Noise, Boston, Newnes/Elsevier, 2012
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Amplifiers are made from transistors, resistors and capacitors

Amplifiers have their internal noise sources represented by equivalent voltage noise and current noise
generators placed at their inputs to aid in noise analysis

Amplifiers commonly have

*= 0.THzto 10 Hz noise voltage expressed in pVpp

= Voltage NSD specified in nV/SQRT-Hz at TkHz (or sometimes 10kHz)

= Current NSD specified in fA/SQRT-Hz (JFET/CMOS, bipolar opamps may have units of pA/SQRT-Hz)

Total noise in a circuit is determined by integrating the noise power over the frequency range
determined by the noise bandwidth.

Methods to estimate noise use simplified algebraic terms to estimate total noise without having to
perform actual integration of complex noise spectral density plots over frequency

1/f noise and broadband noise can be estimated separately and combined as the square root of the
sum of the squares to estimate total noise
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Estimating Noise in Amplifier Circuits DRVICES
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Estimating noise in an amplifier circuit can be a daunting task...there is no doubt attention to detail is
warranted...but breaking the process down into a several simple steps will ease the process

1) Determine all the sources of noise in the circuit
2) Refer each noise source to the output (RTO)

3) Combine all output referred noise sources into a single noise value RTO (because noise sources are random
and uncorrelated their noise terms add as square root of the sum of the squares)

Vo =) () (1)

4) Convert from units of V/SQRT-Hz to Vrms or Vpp by integrating over the noise bandwidth

5) Refer the combined RTO noise value back to the input if interested to know RTI noise based upon the noise
gain o the amplifier
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RF

<$7NN \V

OUTPUT

——o VOUT

> OPAMP's Noise Curre
RG NoiseVoltage ¢ RF Noise Voltage
"8 ngi W—F—W—E
N\VZ

INPUT

o VOUT

1. Start with your circuit o) ) O:AMP,SNOMOM e OQUTPUT

N OPAMP's Noise Current
@ i RGNoise Voltage ¢ RF Noise Voltage
INPUT D—A\N\, M—ED
\/ NG

+

OPAMP's NoiseVoltage O UTPUT

o VOUT

2. Add the noise sources OPAMPS NoiseCurrent

3. Refer the noise sources to

the output
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To refer a noise source to the output, the gain from each noise to the output must be computed

It may be different for each noise source

By inspection:

The gain from RG to the output is -RF/RG. (Since
noise is random, uncorrelated and has no phase we
can ignore the sign) = RF/RG

The gain from RF to the outputis1

OPAMP's Noise Curren t

RBNoise Vo RFotee Volag The gain from the opamps voltage noise source is
1+RF/RG

The gain from the opamp current noise source at the
-IN pinis RF

Since in this analysis we will assume the source
impedance of voltage source VIN is zero the current
noise source at the +IN pin sees zero impedance and
does not contribute noise in this circuit

OPAMP's Noise Curren t
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Referring Noise Sources to the Output DEViCES

AHEAD OF WHAT'S POSSIBLE™

The RTO noise from R is given by:
R
v, xgain=V, x-I
RG RG RG
The RTO noise from R is given by:
v, xgan=V, xl

The RTO noise from the opamp voltage noise is given by:

, R
v xgain=V, X [1 +—L
OPAMP _VOLTAGE OPAMP _VOLTAGE R
G

The RTO noise from the opamp current noise is given by:

xgain=1

X
" OPAMP _CURRENT " OPAMP _CURRENT F

Summing all the individual RTO noise sources:

G

2 2
Vo = (Vn . ﬁ—j +(r,) {Vn x[l +§_D Ve o <R
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Presentation Notes
Summarizing the analysis from the previous slide we can write the following equations for our example circuit


| et's Add Some Actual Values to Our Circuit BEVICES

AHEAD OF WHAT'S POSSIBLE™

M M Let's determine the noise voltage from each
%7 = _ resistorusing a simple rule of thumb where:
() _ 10k = 4x /%=4x\/ﬁ=12.65n1//\/§
< lk=4nV/H: =P

20k = 4x /% = 4x~/20 =17.89nV /\Hz

From the ADA4661-2 data sheet the noise is given as:

NOISE PERFORMAMNCE
Total Harmonic Distortion Plus Noise | THD + N | Ay=1,Ve =044V rms at 1 kHz
Bandwidth = 80 kHz 0.002 9% .
Bandwickh = 500 bz 0.003 % ADA4661-2 Voltage Noise = 14nV /N Hz
Peak-to-Peak Moise &n prp f=0.1Hzto 10Hz 3 pv p-p .
Voltage Moise Density €n f=1kHz 18 nV/Hz 9 ADA4661-2 Current Noise = 360 fA/ v Hz
f=10kHz 14 nV/yHz
Current Noise Density in f=1kHz 360 fAHz

Summing all the individual RTO noise sources: To compute the RTI noise voltage divide by the signal gain:

2 2
v = |[12.65¢0 x 2% +(17.89e’9)2+ 1467 [ 14 20K +(36Oe’15x20k)2
10k 10k

v, =\(253¢7) +(17.89¢) + (42 ) +(72¢) = 526807/ Hz

52.68¢”

nRr1

=17.56nV /< Hz
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| et's Estimate the Total Broadband Noise inthe Circuit Dotvics

%7 M M The unity gain frequency of the ADA4661is 4MHz
. . Inthe gain of 3 shown the small signal bandwidth is 1.33MHz (this is that
VN “brick wall” filter value)
N

Since there are no additional filters in the circuit the roll off is only from
the opamp and is first order

Compute the noise bandwidth as 1.33MHz*1.57 = 2.1MHz

Using the estimated RTI noise voltage of 17.56nV/SQRT-Hz, a noise gain =
3V/V and 2.1MHz noise bandwidth we estimate the broadband RMS noise

tobe: ¥V, . 1o = ey, X noisegain x\/noisebandwidth

Vvoise torar = 17.56e x3x~2.1e" =76V,
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Let's Estimate the Total 1/f Noise in the Circuit Qs
m W From the data sheet curve we can estimate the THz 1/f noise at
<~ L= | 300nV/SORT-Hz
VIN ADA4661-2 _ :E.“::ir‘;vrz
! T
N 2

' E
1 "f 1
B
-
i Em M T d
' 3

=
FREQUENCY (Hz] ]
Figure 56. Voltage Noise Density vs. Frequency

We can also estimate the 1/f corner frequency of 10kHz

Using:
V, =e,. \/lanHIGH ] X noisegain

f LOW

We can estimate the 1/f noise as 300e-9*SORT(LN(10e3/1)) *3 = 2.7uVgus
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Presentation Notes
In the case of the ADA4661 the NSD plot does not extend as low as 1 Hz…we can simply estimate the noise at 1 Hz by extending the curve as indicated.


Let's Estimate the Total Noise in the Circuit QoS
%7 m m Combining the 1/f noise and the broadband noise we estimate the total
h noise as:

VN+ o 2 2
< v =\/(76e—6) H(2.77°) =764V

Miotal

And converting to peak-to-peak we estimate 456pVpp
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Presentation Notes
Because noise adds as the square root of the sum of the squares you can see that in this example the total noise is dominated by the broadband noise.  In fact, we could have completely ignored the 1/f noise calculation and ended up with the same result.  This is due to the large noise bandwidth of this example.  For circuits that are bandlimited to much lower frequencies, ignoring the 1/f noise is not recommended.


Summary(so far) A

AHEAD OF WHAT'S POSSIBLE™

To analyze noise, identify all the sources of noise, refer them to the output and combine them
appropriately to estimate the RTO NSD

Determine the RTI NSD by referring the RTO noise to the circuit input. Thisrequires determination of
the noise gain.

The noise gain is generally indicating the gain from the non-inverting terminal of an amplifier to the
output but could be whatever you determine you want to use as your input. You simply must be
consistent within your analysis

Determine the noise bandwidth of your circuit

Multiply RTI NSD by Noise gain by the square root of the noise bandwidth to estimate rms noise at the
output

Multiply by 6 or 6.6 to estimate the peak-to-peak noise voltage

Understanding the dominate noise sources and the nature of the noise gain and the nature of the
noise bandwidth can help understand how to optimize the circuits noise performance
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Simulation Circuit in LTSpice BRI

AHEAD OF WHAT'S POSSIBLE™

> =—OUTPUT
"ADA4661-2 %

O
VSS

.noise V(OUTPUT) VIN dec 100 1 100e6

Analog Devices Confidential Information. ®2021 Analog Devices, Inc. All rights reserved. 2 May 2024 49


Presenter
Presentation Notes
Simply draw your schematic as you normally would in LTSpice…you do not need to add any additional noise voltage or noise current sources to your circuit.  LT Spice will model the amplifier noise and noise from resistors automatically.  Add the .noise statement to invoke a noise simulation.  You must identify the output node for the circuit and place an AC source at the location you want to determine the RTI noise.  In this example the output of the circuit is labeled OUTPUT and is described in the .noise command line as V(OUTPUT) and we decide to place a voltage source at the opamp non-inverting input to tell LTSpice this is the node to where we want to refer our RTI noise.  This is indicated by VIN included in the .noise command.  We also want to specify to perform a decade analysis with 100 points per decade from 1 Hz to 100MHz.


Simulation Results-RTO ANALOS

AHEAD OF WHAT'S POSSIBLE™

& Draft1.raw {: Noninverting Noise example.asc

1e-06V/IHz 7

PR, PO NN G 1 1 — SR W R 1 — -

' ' ' '
SEECEEELICEREETEEITE usEEEEERR IR RRn

L ; E’Dralfﬂ.rav:/
Cursor 1 H
: S : P A
0 Horz: Vert: [49.412634nV/Hz% oo oo
| G2 | Estimate was
P : . Vit Hoz [ —NjA- et —N/A- i
1e-08V/IHz"/~ el deeeoonns : T -4- O
7 A : JRE ] Dif (Cursor2 - Cursor1) ; -
{ i [T —— 52nV/SQRT-Hz
1e-09V/Hzz — Ty — vy —— Ty — Ty — vy — T — Ty - — Ty

1Hz 10Hz 106Hz 1KHz 10KHz 100KHz 1MHz 10l;|Hz
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Presentation Notes
After running the noise analysis select the output node to see the NSD for the RTO noise, place a cursor and compare to the hand analysis…49 nV/SQRT-Hz simulated vs 52 nV/SQRT-Hz estimated by hand


ANALOG

Simulation Results - RT] DEVICES

AHEAD OF WHAT'S POSSIBLE™

¥ Draft1aw 4, Noninverting Noise example asc

1e-05V/Hz2

1e-06V/Hz"/~

1e-07VIHz'/f. -------- e : ot Poeenie B’Drafﬂ raw
b : : : : : Cursor 1
4 V(inoise)
4 ! | Horz: | 10KHz Vert: [16.470493nV/Hz":
1 Cursor 2
orz|  —N/A- ver:|  —N/A-
i oo Dff (Cursor2 - Cursor1)
foz[ —NJA- ver:[ T —NJA-
R P Sope:[ —N/A- |
1e-08V/HzVrg-------- . —
1e-09V/Hz 2 —r—rrrrr —r—rrTrr — —
1Hz 10Hz 100Hz 1KHz

Analog Devices Confidential Information. ®2021 Analog Devices, Inc. All rights reserved. 2 May 2024 51


Presenter
Presentation Notes
Add a trace to the plot and select V(inoise) to see the RTI NSD. place a cursor and compare to the hand analysis…16.5 nV/SQRT-Hz simulated vs 17.6 nV/SQRT-Hz estimated by hand


Simulation Results - Integrated Noise

990nV/Hz 2

V(onoise)

............................

900nV/Hz"/~

810nV/Hz /=

720nV/HZ )/

............................

630nV/Hz "/~
540nV/Hz"/~
450nV/HzZ Y/ —————— ------------------------------
360nV/Hz/~

270nVIHZYA e

..........................

180NV/HZ Y ---------i-eh-

9ONVIHzZ Y- ---beeeeh

OnV/Hz"2

. g [RESLE A e
interval Start: | 1000mHz | ESt|mate was

--------- interval End: | 21MHz Ji-4--i-
Total RMS noise: | 774950V ] :

.......................

1Hz 10Hz
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Presentation Notes
Hold down the CTRL button and click on V(onoise) in the plot window to bring up the total integrated noise pop-up window.  Bandwidth can be selected by first clicking on the X-axis settings and restricting the max frequency to the bandwidth of interest.  Compare the simulated total noise to the estimated total noise over the noise bandwidth…Simulated 77.5 uVRMS vs 76 uVRMS estimated by hand


ANALOG

LTSpice Simulation Software I EVICES

L TSpice Simulation Software is a powerful, fast and free SPICE simulator —_
software, schematic capture and waveform viewer with enhancements LTSDIC@
and models for improving the simulation of analog circuits.

It contains hundreds of ADI models that are being tested and updated
regularly

BT R AT - -
o S e e s g
de i, LB RN i T wx F- - .
e A Learn How to Use LTspice
=
o Vb I el — " — 5 ) - ‘ . & i X v 5

EBEFRSYERT _ V) P — i — L LU L L LT R = o T L = =
F— P "‘"' ALy T T : - T T - | n Stru [:tl D n a] UI d EGS
""*ﬁ:-::__ - L - 'l_"l"_-'-l.__l'-_ - Y —
3 T L ] o X D = Y, iy e
. el == | A ——— P I— - PO el W o= i - :-— [ ——
I,“J'-_H"-‘- el ] iy = J".-L"'-'-'- ! g LI-:I—-q i+ P — ——— s = — — —
[ — - L s e - aa s imcmes . ay ue ana
[ —— T ———
— — . E 4 M—:‘: l:-—_ : i-—-_l-_
o o - ...-:. b m— - + - .._:
frpeteme ERA=s | . - == ]
- &T p— """-""'"-""t_ — i e -
o S A e e gl T
|- h - . a b el —— ] - ]
i o ey g & e W _.E’ i
-~ L T o () vt SRy = o .
R A Mty 6} T e e an P 3
.m - & 2
- (L] - = —
.......
st NSABmMEEG &

PLALALALALALALAL LALLM A J sl

Download here!
LTspice Information Center | Analog Devices

53

Analog Devices Confidential Information. ©2023 Analog Devices, Inc. All rights reserved.


Presenter
Presentation Notes
Analog devices offers LTSpice as a free circuit simulator.  Download today if you have not already.

https://www.analog.com/en/design-center/design-tools-and-calculators/ltspice-simulator.html
https://www.analog.com/en/design-center/design-tools-and-calculators/ltspice-simulator.html

ADISM Precision Studio

ADISM Precision Studio is a collection of tools
to help design signal conditioning circuits

= m,..m, |ﬂ~DI Precision Studio

Fesdback

Select tool to launch

MNoise Analog Filter In Amp Photodiode

- W

DAC ADC Driver Virtual Eval
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Access it here!
ADISM Precision Studio | Analog Devices

. Noise Tool

. Analog Filter Wizard

il.:' In-Amp Diamond Plot Tool

'; Photodiode Circuit Design Wizard

@ Precision ADC Driver Tool

Direct Digital Synthesis Simulator

Virtual Evaluation Tool
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https://www.analog.com/en/design-center/design-tools-and-calculators/amplifier-and-linear-tools.html
https://tools.analog.com/en/precisionstudio/

ADISM Precision Studio: Noise Tool Rovics

= DO&E |M|:|'ge Tool - BETA @ = Qs |N0'ISE Tool - BETA I.;I

AR B ey S

— T

f B T | <
Tl FLanau B Bgial GRER ReEWE: resdiocn SR ore

Start Mew Design

Laalr. o)

Eardwnbly ol ket Ak

Tain Rain 16 MnEn
Fvudslam 16 3k

L e
Fealured Examples

Al ol el -

B_kcd Light 24 b R Frothiion Wones LowsFower Eriape Start with this Exarmphe
Senzor Examples

2P ISP RSP IR
A £

Design sensor signal conditioning

Generate schematic blocks
= Example: 10kHz, Q=1.5 filter

Simulate AC and noise performance

= Entire signal chain

Export to LTspice
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Additional Reading and Resources DRVICES

AHEAD OF WHAT'S POSSIBLE™

» 11 Myths About Analog Noise

» Noise Analysis of Precision Data Acquisition Signal Chain

» LTSpice Tutorial for AC & Noise Analysis(Video)| Analog Devices

» LTSpice: Noise Simulations

» LTSpice: Integrating Noise Over a Bandwidth | Analog Devices

» Step-by-Step Noise Analysis Guide for Your Signal Chain

» Low Frequency Noise Analysis for Sensor Signal Chains

» Noise Analysis in Precision Analog Designs

» Analysis of Input Current Noise with Even Harmonics Folding Effect in a Chopper Op Amp

» Practical Input-Referred Calculations in Precision Systems| Analog Devices

» Signal Chain Noise Calculator| Precision Studio | Analog Devices

» Low Noise Amplifier Selection Guide for Optimal Noise Performance | Analog Devices

» Understanding and Eliminating 1/f Noise | Analog Devices
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https://www.analog.com/en/technical-articles/11-myths-about-analog-noise-analysis.html
https://www.analog.com/en/technical-articles/noise-analysis-of-precision-data-acquisition-signal-chain.html
https://www.analog.com/en/education/education-library/videos/video-series/ltspice-ac-noise-analysis-tutorial.html
https://www.analog.com/en/education/education-library/videos/5579265856001.html
https://www.analog.com/en/technical-articles/ltspice-integrating-noise-over-a-bandwidth.html
https://www.analog.com/en/analog-dialogue/articles/step-by-step-noise-analysis-guide-for-your-signal-chain.html
https://www.analog.com/en/technical-articles/low-frequency-noise-analysis-for-sensor-signal-chains.html
https://www.analog.com/en/education/education-library/videos/5201716142001.html
https://www.analog.com/en/analog-dialogue/articles/analysis-of-input-current-noise-with-even-harmonics-folding-effect-in-a-chopper-op-amp.html
https://www.analog.com/en/analog-dialogue/articles/practical-input-referred-calculations-in-precision-systems.html
https://beta-tools.analog.com/noise/
https://www.analog.com/en/app-notes/an-940.html
https://www.analog.com/en/analog-dialogue/articles/understanding-and-eliminating-1-f-noise.html

Voltage Noise of Zero-drift amplifiers
A A A
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Figure 39. Voltage Noise Density vs. Frequency
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Figure 43. Voltage Noise Density at 5V from 0 Hz to 25 kHz
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Presenter
Presentation Notes
While we did not get into the details of Zero-Drift amplifiers, they do reduce or eliminate the 1/f noise characteristics of an amplifier. Zero-drift amplifiers are best suited for high gain and low bandwidth systems where high resolution is required.  The combination of Zero-drift amplifiers and Sigma-Delta ADC can achieve the highest resolution systems.


ANALOG

Noise Comparison of Zero-Drift Amplifiers ECES

AHEAD OF WHAT'S POSSIBLE™

N 100
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Figure 2. Input-Referred Voltage Noise Density vs. Frequency, Zero Drift
Amplifier Family Comparison
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Presentation Notes
Analog Devices offers the industry’s lowest noise Zero-Drift amplifiers.  Look no further than ADI for all of you precision amplifier needs!


Where Do | Find More Information About Zero-Drift Amplifiers? DEVICES

AHEAD OF WHAT'S POSSIBLE™

Zero-Drift Amp Landing Pages
= http://www.analog.com/en/products/amplifiers/operational-amplifiers/zero-drift-amplifiers.html
= http://www.linear.com/products/Zero-Drift_Amplifiers

Zero-Drift Amplifiers: Now Easy to Use in High Precision Circuits
= http://www.analog.com/library/analogdialogue/archives/49-07/Zero-Drift_Amplifiers.html

AN-1114 Lowest Noise ZD Amplfiier Has 5.6 nV/,/ Hz Voltage Noise Density
= http://www.analog.com/media/en/technical-documentation/application-notes/AN-1114.pdf

MS-2062 To Chop or Auto-Zero: That Is the Question
= http://www.analog.com/media/en/technical-documentation/technical-articles/MS-2062.pdf

Ask the Apps Engineer 39—Zero-Drift Operational Amplifiers
= http://www.analog.com/library/analogdialoque/archives/44-03/zero_drift.html

Demystifying Auto-Zero Amplifiers—Part 1
= http://www.analog.com/library/analogdialoque/archives/34-02/demystify/index.html

Demystifying Auto-Zero Amplifiers—Part 2
= http://www.analog.com/library/analogDialogue/archives/34-03/chopper/index.html

MT-055 Chopper Stabilized (Auto-Zero) Precision Op Amps
= http://www.analog.com/media/en/training-seminars/tutorials/MT-055.pdf
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http://www.analog.com/en/products/amplifiers/operational-amplifiers/zero-drift-amplifiers.html
http://www.linear.com/products/Zero-Drift_Amplifiers
http://www.analog.com/library/analogdialogue/archives/49-07/Zero-Drift_Amplifiers.html
http://www.analog.com/media/en/technical-documentation/application-notes/AN-1114.pdf
http://www.analog.com/media/en/technical-documentation/technical-articles/MS-2062.pdf
http://www.analog.com/library/analogdialogue/archives/44-03/zero_drift.html
http://www.analog.com/library/analogdialogue/archives/34-02/demystify/index.html
http://www.analog.com/library/analogDialogue/archives/34-03/chopper/index.html
http://www.analog.com/media/en/training-seminars/tutorials/MT-055.pdf
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Needed for the Demo LelDEvices
Laptop
ADALM2000

Noise Demo Board, one jumper

USB cable that fits your laptop and the ADALM2000 (USBxxx to USB Micro B)
Scopy software installed

Scopy Configuration Files

61
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https://www.analog.com/en/design-center/evaluation-hardware-and-software/evaluation-boards-kits/adalm2000.html
https://wiki.analog.com/university/tools/m2k/scopy

The Setup s

AHEAD OF WHAT'S POSSIBLE™

ALOG [ 7
-

AN, S
DEVICES

L
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Presentation Notes
Once connected, configured and running the demo will appear as shown in the image


0.1Hzto 10 Hz Demo Board Schematic BRVIceS

AHEAD OF WHAT'S POSSIBLE™

GND
.
R7
GND <ok rs
10k
c3
L] c1 15u
—1 2 82u
5 6 '
7 8 ADA4S10
I
RE
CH2- 82k
AN
CH1+
GND
L ! CHl-
GND GND
.
-
GND
R15 R16 R17 R18 R19 R20
10k 10
ADALM2000 GND
HDR-F.2.54_2x15
7
—f 2}
[H L] +5V
Vo E ] e o Your +vsf—t—
53— — “—4 -vs SHDN
n—7 8= 4N -IN
n__J 11 12 '_‘2 4 -
0473 19 ! LT1782 GND
9 15 16 0 GND
fd17 18 —0
o119 20 —0
GND 21 22 Wi
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SV__158 56 oD
GND_] 33 2% o
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CHL
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Presenter
Presentation Notes
Here is the complete schematic for the demo board.  The filter consists of a 4th order high pass section followed by a 4th order low-pass section.  Each 4th order section is comprised of two 2nd order stages  The total filter gain is = 60 dB (1000V/V).  Each filter stage employs a Multiple Feedback architecture with an Inverse Chebyshev response profile.


ADA4510: Precision, 40V, Low Input Bias, Low Noise, CMOS Op Amp o&viczs

Key Features:

HEAD OF WHAT'S POSSIBLE™

> Low Offset Voltage: ¥5pV typ., 220pV max N
> Low Offset Voltage Drift: 0.5uV/°C max 5 . aoc .
> Low Noise: 5nV// Hz @ 1kHz and 1.0uVp-p typ. E " I RF

from 0.1to 10Hz N
> Wide GBW: 10.4MHz typ. L »

Multiplexed Data Acquisition System lcm Ron =100 o
> Fast Slew Rate: 19V/ps typ. Ve 47— ADA4510-2
> Low Input Bias Current: 10pA max Photodiode TIA Cireuit
> Heavy Capacitive Load Drive Capability: InF
> Integrated EMI Filter
| apassio | Competitor |
Key Applications: Offset Voltage (Max) 20 pv 25pv
> Mux—CompatibIe 1/f Noise 1.0 uVp-p 1.5 uVp-p
Voltage Noise Density 5nV/J/ Hz 5.5nV//Hz

> Precision Instrumentation
> Dataacquisition systems
> Multipole filters
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Presentation Notes
Each filter section requires a dual opamp to provide the appropriate gain and frequency response.  The recently released ADA4510 was selected for this filter.  The ADA4510 can operate on low supplies of +/-5V provided by the ADALM2000, operates with rail-to-rail input and output, is low noise and wide bandwidth.  The ADA4510 is a perfect choice for precision, low-noise active filters.


0.1Hzto 10 Hz Demo Board ANALOS

AHEAD OF WHAT'S POSSIBLE™
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0.1Hzto 10 Hz Demo Board Verification Results BEVICES

AHEAD OF WHAT'S POSSIBLE™

Filter Response
80

60

40

Gain (dB)

20

-20
0.001 0.01 0.1 1 10 100 1000
Frequency (Hz)

Simulated Gain

Measured Gain
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Presentation Notes
The filter response was simulated and measured to confirm functionality and performance


0.1Hzto 10 Hz Demo Board Verification Results DEVICES

AHEAD OF WHAT'S POSSIBLE™

RIGOL <o (H s.00s T amre ) (sTOPmUN) (D, 20.055

Cursors X

AX: 45s

AY: -175mV
BX: -4.95s

BY: 175mV
AX: -49.95s
AY:  350mV
1/8X: 20.02mHz

1Hz
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Presentation Notes
Performance and functionality can also be observed in the time domain…notice the magnitude at 0.1 H z and 10 Hz is -3dB from the response in the middle of the filter's bandwidth at 1 Hz.


0.1Hzto 10 Hz Demo ANALOS

AHEAD OF WHAT'S POSSIBLE™

In this demo we are going to estimate the 0.1Hz to 10 Hz noise for three different amplifiers

= LT1782-alow power opamp
= ADA4Q77-alow noise, bipolar opamp
= ADA4522 -alow noise, zero-drift opamp

We will compare the estimate to the data sheet information
We will use the ADALM2000 + demo board and measure the noise

We will compare our measured results to our estimated results

We will use the Network Analyzer feature of the ADALM2000 to measure the filter response from 1Hz
to 100 Hz
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ANALOG
DEVICES

0.1Hzto 10 Hz Noise Board
Demo Step-by-Step Guide



Physically Connect PCB to ADALMZ2k BRVICES

AHEAD OF WHAT'S POSSIBLE™

Carefully align pins and insert firmly

ADALM2000 should be powered off when connecting or
disconnecting the PCB
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Launch the Scopy Software BETES

AHEAD OF WHAT'S POSSIBLE™

Welcome to Scopy!

Scopy is a powerful toolbox for signal analysis and generation.

Please visit for more information about Scopy.
If you need help, drop a message on our

& Load g1y
{3 Preferences

Abaut Report a bug!
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Physically Connect the ADALMZ2k to the Laptop DEVICES

AHEAD OF WHAT'S POSSIBLE™
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Click onthe Icon ANALOS

AHEAD OF WHAT'S POSSIBLE™

B2 scopy - v1.4.1 - fAbeebl

Welcome to Scopy!

Scopy is a powerful toolbox for signal analysis and generation.

Please visit for more information about Scopy.
If you need help, drop a message on our

&

About

Report a bug!
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ANALOG

Click “Connect” ANALOS

AHEAD OF WHAT'S POSSIBLE™

Calibrate Register
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AHEAD OF WHAT'S POSSIBLE™

The ADALMZk will Begin the Connection Process DEVICES

B Scopy - v1.41 - fdbeebl = >

\dentify Forget device ' Ccalibrate Register
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ANALOG

Successful Connection Looks Like This BEVIcES

AHEAD OF WHAT'S POSSIBLE™

¥ Scopy - v1.4.1 - fdbeeb1 = x

Identify Forget device . Calibrate Register
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Load the Config Files B

AHEAD OF WHAT'S POSSIBLE™

¥ Scopy - v1.4.1 - fdbeeb1 = x

Disconnect Identify Forget device . Calibrate Register
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Navigate to the Config File Location

4 ||« CDrive » Technical Training Topics > Op1 Hzto 10 HzFilter > Scopy Setup Files

Organize *  New folder

ADB503 A Neme Status
Control &1 Noise Demo Network Analyzer Config.ini <]
Noise 2] Noise Demo Oscilloscope Config.ini @
Waters

@ OneDrive - Analog

[ This PC
§ 3D Objects
I Desktop
2| Documents
& Downloads
D Music

Register

Videos

5 Windows (C)
= M2k (F)

— EDGE(G)

~@scilloscope Config.ini file

Eamme “ v| Scopy-Files (*.ini)

Analog Devices Confidential Information. ©2021 Analog Devices, Inc. All rights reserved.

Select the file named Noise Demo

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

]

Noise Demo Network Analyzer Config.ini

DO THIS FIRST

Double-click on the
icon above and save
to your preferred
location on your
laptop




ANALOG

The O-Scope Will be Configured as Shown DEVICES

AHEAD OF WHAT'S POSSIBLE™

Enable Mixed
Signal View

Sets the time per division to 0.625s/div —

Sets the Volts per division to 200mV/div "%

The power supplies are set to +/-5V and are enabled
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ANALOG

If You Click on the Power Supply Label PEVicES

AHEAD OF WHAT'S POSSIBLE™

Scopy - v1.4.1 - fbeeb1

sScorv

®
& rom You will see thatindeed they are set to +/-5V and
Mo are reading back their measured voltages

Tracking ratio control

allly Spectrum Analyzer u Independent
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AHEAD OF WHAT'S POSSIBLE™

Low Power”

1"

Set the Jumperto

81

2 May 2024
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| et's Estimate the 1/f Noise forthe L 11782 BEVICES

AHEAD OF WHAT'S POSSIBLE™

While the filter is settling, let’s take a minute to estimate the low frequency noise

Y

“niFsreE::;t:;e Density From the data sheet curve, we can estimate the THz 1/f noise at

g We will integrate from 0.1Hz to 10 Hz
= 10N
= | N Calculation:
& N
2 50 mE
E fHIGH -9 10
S 4 V, =6.6xe, x [In| === |=6.6x75¢" x, [In| — | =1.06uV,,
2 f ,f;()W’ 0.1
E 30
- 20
1 10 100 1k 10k

FREQUENCY (Hz)
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ANALOG

Let's Compare our Estimate to the LT1/82 Datasheet L@ DEviCES

Data Sheet: Estimate:

LT1782C/LT17821
PARAMETER MIN  TYP  MAX
I 1

nput Noise Voltage 0.1Hz to 10Hz

0.1Hz to 10Hz Noise Voltage

=
=
=
=
o
=]
T
L
<
o
o
=
L
=2
o
=
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ANALOG

Click on the Green "Run” Button DEVICES

AHEAD OF WHAT'S POSSIBLE™

Enable Mixed
Signal View

The filter has a 10s time constant. |t can take up to one
minute after enabling the power supply and setting the
jumper for the filter to settle

<>

Autoset

Snapshot

200.000 mV/div (£2.5)

@ ci1 @&
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ANALOG

What to Expect if Only a Typical Value is Given? L@ DEviceS

Noise Voltage Spectral Density vs Frequency
1000
1/f noise is highly process

~——_ dependent asitisrelated to
= crystalline defects within the

silicon

100 \ _— On well controlled technology

ﬁi the variation is minimal

On uncontrolled processes as
-r\ much as +/-3x range for 1/f
\ noise can be observed

1 10 100 1,000 10,000 100,000
Frequency(Hz)

Noise Voltage Spectral Density
(nV/SORT-Hz)

10

Source:
Art Kay, Operational Amplifier Noise Techniques and Tips for Analyzing and Reducing Noise, Boston, Newnes/Elsevier, 2012

85
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ANALOG

What to Expect if Only a Typical Value is Given? L Evices

Noise Voltage Spectral Density vs Frequency

100
=
‘®
%
=) For the broadband region, the noise is r
s ;r\'i‘ controlled not by process defects but — =
S rather by the circuit design and T
e operating conditions resulting in a
29 typical +/-10% variation
Sz
6 ~—
>
%
I
pd
10
1 10 100 1,000 10,000 100,000

Frequency(Hz)

Source:
Art Kay, Operational Amplifier Noise Techniques and Tips for Analyzing and Reducing Noise, Boston, Newnes/Elsevier, 2012
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ANALOG

Typical Result for the Low Power Device ANALOS

AHEAD OF WHAT'S POSSIBLE™

= Sscopv
O mewoe SRR BN

> Home

JU oscilloscope Channel 1

illly- Spectrum Analyzer ) HORIZONTAL
esat 1 ksps

@ Network Analyzer

: : +  Time Base R
[ - 625
‘W Signal Generator z | z _ _—
- I - v

ms

@ Logic Analyzer B | : 4+  Position
: i : -
Il Pattern Generator - [ -

10 pigital 10 : : VERTICAL

2 Voltmeter z | - 4+ Volts/Div
| 200 ‘
@ Power Supply 1 - T mVels v !

Position

30.151 C

mValts v :
SETTINGS

CH Thickness Curve Style
1 v Llines

Memory depth  Probe Attenuation
10000 v 1

Software -
AC Coupling on

The Low Power device is the LT1782 Referred to the Input L mes
the scaling i is 200nV/div. - | EEE——

I T P B P I e N T e e e I ) T PRI | PP -
|‘L'| Save Load J.
{&} preferences i

200 mv/div (#2.5)

About

ANALOG CH1 = Measure = Trigger =
ANaLOG [ ] = ®] 28
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AHEAD OF WHAT'S POSSIBLE™

1/

1SEe

Low No

1"

Set the Jumperto

88
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| et's Estimate the 1/f Noise for the ADA4Q7/7/ BEVICES

AHEAD OF WHAT'S POSSIBLE™

While the filter is settling, let’s take a minute to estimate the low frequency noise

1k

— Vgy =#15V
— Vgy =45V

From the data sheet curve, we can estimate the THz 1/f noise at A@

] We will integrate from 0.1Hz to 10 Hz

10

VOLTAGE NOISE DENSITY (nV/VHz)

! " m " Calculation:

10 100 1k 10k 100k ™ 10M

FREQUENCY (Hz)

Figure 58. Voltage Noise Density vs. Frequency, Vgy =15 Vand Vgy =115V f 1 0
V, =6.6xe,. x ln(ﬂ] =6.6x13e” x ln(—j =0.18uV,,
100 | 7 j‘LOW O. 1

%0 Vgy = #15V —]
T
¥ a0
T
2w ,/
4
Y e V.
g /
S s
8 o\ /
2 w
z \
§ 30 Y /
E 20 N
>

i

0 0.5 1.0 1.5 2.0 2.5 3.0
FREQUENCY (Hz)

Figure 61. Voltage Noise Corner vs. Frequency, Vsy =+15 Vand Vgy =5V
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Let's Compare our Estimate to the ADA4Q77 Datasheet — Qstvicss

AHEAD OF WHAT'S POSSIBLE™

Data Sheet: Estimate:

NOISE PERFORMANCE
Voltage Noise e, p-p 0.1Hzto 10 Hz 0.25 uv p-p
Voltage Noise Density €, f=1Hz 13 nVivHz

=)
Q
>
c
S
L3
L
2
3
>
l—
=
o
=

TIME (1s/DIV)

Figure 60. 0.1 Hz to 10 Hz Noise, Vsy =15V
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Wait for Filter to Settle ANALOS

AHEAD OF WHAT'S POSSIBLE™

Enable Mixed
Signal View

The filter has a 10s time constant. It can take up to one
minute after enabling the power supply and setting the
| jumper for the filter to settle

<>
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Typical Result for the Low Noise Device

Seopy - v1AT - f4beek

= Sscopvy
Q Home

JU oscilloscope

allly Spectrum Analyzer
@ Network Analyzer
M signal Generator
@ Logic Analyzer
Il Pattern Generator
1O Digitalio

2 Voltmeter

@ Power Supply

d’. Save Load J.
{&} preferences

About

ANALOG
DEVICES

o [N ESES

625 ms/div 10 k Samples at 1 ksps
T

The Low Noise device is the A
~ thescalingis 200nV/div.

@

200 mv/div (£2.5)

® 1 @

Analog Devices Confidential Information. ©2021 Analog Devices, Inc. All rights reserved.

A4077. Referred to the Input

Channel 1

HORIZONTAL

+  Time Base .
625
- hd

ms
4+  Position
0

ns

VERTICAL
+  \Volts/Div
200
= \
mVolts Vv
Position
30.151 C
1
mVolts Vv
SETTINGS
CHThickness  Curve Style
1 v  Llines

Memory depth  Probe Attenuation
10000 v 1

Software -
AC Coupling on

[ measure = Trigger

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™
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DEVICES

AHEAD OF WHAT'S POSSIBLE™

/)

/Zero Drift

1"

Set the Jumperto

93

2 May 2024
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| et's Estimate the 1/f Noise for the ADA4H2?2 DEVICES

AHEAD OF WHAT'S POSSIBLE™

While the filter is settling, let’s take a minute to estimate the low frequency noise

Because the ADA4522 is a Zero-Drift device, it has no 1/f noise, so we must

100
Vgy =+2,5V
Ay=

VOLTAGE NOISE DENSITY (nV/\Hz)

1

calculate the broadband noise from 0.1Hz to 10 Hz using 5.8nV/SQRT-Hz
We will use a noise bandwidth of 10 Hz

Calculation:

V =6.6x NSD~/ Noisebandwidth = 6.6x5.8¢™ \/ﬁ =0.12uV,,

10 100

10k 100k 1M 10M  100M
FREQUENCY (Hz)

Figure 60. Voltage Noise Density vs. Frequency, Vsy=$2.5V
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Let's Compare our Estimate to the ADA4522 Datasheet  Qsevicss

AHEAD OF WHAT'S POSSIBLE™

Data Sheet: Estimate:

NOISE PERFORMANCE
Total Harmonic Distortion Plus Noise Ay=1,f=1kHz,Vy=6V ms
BW =80 kHz
BW =500 kHz
Peak-to-Peak Voltage Noise ’ Ay =100,f=0.1Hzto 10 Hz
Voltage Noise Density Ay=100,f=1kHz
Peak-to-Peak Current Noise A, =100,f=0.1Hzto 10 Hz
Current Noise Density i A, =100, f=1kHz

Vgy = 15V AND £27,5V
Ay =100
PEAK-TO-PEAK NOISE = 117nV p-p

s
=
w
2
i
3
=
=]
w
o
o
w
[TH
w
3
=
2
o
Z

TIME (1s/DIV)

Figure 64. 0.1 Hz to 10 Hz Noise
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Wait for Filter to Settle ANALOS

AHEAD OF WHAT'S POSSIBLE™

Enable Mixed
Signal View

The filter has a 10s time constant. It can take up to one minute
after enabling the power supply and setting the jumper for the
filter to settle

=l
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ANALOG

Typical Result for the Zero-Drift Device ANALOS

AHEAD OF WHAT'S POSSIBLE™

aoon Ooon
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Results Summary BETS

AHEAD OF WHAT'S POSSIBLE™

100
Vsy =$2.5V
Ay=1
o
=z
<
>
£
>
=
0
4
10 k Samnlas af 1 ksns a 10
w
. . 7]
Noise Floor of Filter
=
._"”""‘-«-"""-'-m-\wu.mw\.—-w'- e i o Lo SUREL LR L g RV L AW o U0 S, Vo N W TS Y §
1
10 100 1k 10k 100k 1M 10M  100M
FREQUENCY (Hz)
F— Vgy = +15V
[— Vgy =45V
= [T Av=+1
z
s
E
I_ . z 100
— — (7]
OW-NOISse g
[=]
I I 7
| | g
} ) w10 F NS
o 3 R
E i
g
1
10 100 1k 10k 100k 1 10m
FREQUENCY (Hz)
B0
=
= \
=
= 70
= N
Z B0 s
=
= \....,,
i ol i
2 50
<
=
—
=]
w40
]
=1
=
=
<> = 30
200.000 mV/div  200.000 mV/div 100.000 mV/div =
20 — - " . -
1 10 100 1k 10k

FREGUENCY (Hz)
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Presenter
Presentation Notes
The filter itself contributes negligible noise to the measurement result.  This is because each opamp under test is configured in a gain of 1000V/V (60 dB).
The LT1782 is a low-power device and as such will have higher noise levels than the other two amplifiers.  Looking at the NSD graph on the right-hand side you will notice the high level of 1/f noise.  This low frequency noise increases with decreasing frequency as that results in what is commonly described as the “drunkards walk”, a very, very slowly randomly varying signal.  This drunkards walk is obvious in the LT1782 which is the device with the highest 1/f noise of the three devices presented.
Looking at the NSD graph for the ADA4077 we see significantly lower 1/f noise content.  The ADA4077 will still have a drunkards walk but is much less prominent.
The ADA4522 is a Zero-Drift device and has no 1/f content as shown in the NSD graph.  This results in no drunkards walk is present, only purely random broadband noise.


ANALOG

Recap - NSD for all three Opamps Included in this Demo  Dsevicz

AHEAD OF WHAT'S POSSIBLE™

Noise Voltage Spectral Density

[de]
o

Qo
(=]

~J
o

(o3}
o

al
(@»]

I~
o

(@]
(e=]

N
o

;

Noise Voltage Spectral Density (nV/SORT-Hz)

o

1 10 100 1,000 10,000 100,000
Frequency (Hz)

—LT1782 —ADA4077 ——ADA4522
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Presenter
Presentation Notes
All 3 noise voltage spectral density plots are shown in this one graph for easy comparison.


Recap - Low Frequency Noise Comparison BEVICES

AHEAD OF WHAT'S POSSIBLE™

Low Noise Technology vs Standard Technology

0.1 Hz to 10 Hz Noise

Noise
Spectral
Density : :
4—»: Process iDeSign
fo
Frequency

Noise Voltage RTI (1pv/div)

| Density (V/[Hz)
///

N Spectral Density

Time (1s/div) - \\\\\

F Hz
—— ADA4510 = General Purpose requency (Fz)
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Presenter
Presentation Notes
Process technology (Bipolar, JFET, CMOS, etc) will dictate the 1/f characteristic of the transistors used in the amplifier design, which in turn dictate the characteristic of each opamp.  Well controlled technologies have low 1/f corner frequencies and less lot to lot variation than uncontrolled processes.  Older, diffusion based bipolar technologies have the lowest noise corner frequencies, typically below 10 Hz.  Modern, high-speed implanted technologies with poly emitters have much higher 1/f corner frequencies.
JFET amplifiers offer a great combination of very low noise corner frequencies (JFETS are on diffusion-based technologies), ultra-low input bias currents and high slew rate.
CMOS amplifiers will have the highest low frequency noise corners with well controlled, precision analog CMOS having corner frequencies less than 1 KHz, typically around 300 Hz.  Compare this to purely digital CMOS technologies where in amplifiers may be integrated into devices such as microcontrollers, DSP’s etc….corner frequencies on these technologies commonly exceed 1 MHz!
Zero-Drift is a disruptive architecture that uses CMOS technology and eliminates the 1/f noise by virtue of switching techniques.  Zero-Drift can offer excellent performance in very low frequency applications.  In applications requiring wider bandwidth, Zero-Drift amplifiers typically have higher distortion than their non-Zero Drift counterparts, they have chopping noise and suffer from intermodulation effects with the input signal as well as the ADC sample rate.  Analog Devices offers the lowest noise Zero-Drift amplifiers in the market.


ANALOG

Rail-to-Rail Input Stages L Dvices
0.1Hz to 10 Hz Noise

”W LA ﬂ “th W ’M\M,Mf ﬂ M

{a M
MW\\\WWW | AW

me (1s/div)

Time
——IT2063Pch ——ILT2063Nch



Presenter
Presentation Notes
As stated not all Rail-to-Rail input amplifiers have this characteristic, but the majority do.  Examples of amplifiers that do not have the is characteristic are LT2063.  Both the Pch and Nch stages were designed specifically to maintain consistent noise throughout the entire CMV range.


ANALOG

Rail-to-Rail Input Stages BRVICES

AHEAD OF WHAT'S POSSIBLE™

VCP
Buugqt?
CHARGE

PUMP
3 VDD

VDD

ouTt

R
>

|— BIAS3
H

V5SS VS35

10617-102

Figure 61. ADA4500-2 Input Structure
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Presenter
Presentation Notes
Another exception to the rule regarding changing noise as a function of CMV are what are known as Zero-Crossover amplifiers.  These amplifiers use only a Pch input stage and achieve a Rail-to-Rail by virtue of an internal charge pump.  One example of such a device is the ADA4500.


ANALOG
DEVICES

Lets use the Network
Analyzer Feature of
the ADALMZ2000 to
Measure the Filter
Response




ANALOG

Set the Jumper to "“Network Analyzer” Evices

AHEAD OF WHAT'S POSSIBLE™
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Load the Config Files B

AHEAD OF WHAT'S POSSIBLE™

¥ Scopy - v1.4.1 - fdbeeb1 = x

Disconnect Identify Forget device . Calibrate Register
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Navigate to the Config File Location DRVICES

AHEAD OF WHAT'S POSSIBLE™

=
22 Load se: X
4 ||« CDrive > Technical Training Topics > 0p1 Hzta 10 Hz Filter > Scopy Setup Files v o Search Scopy Setup Files
Organize *  New folder =+ @ @
ADBE03 A Name - Status Date modified Tpe I I
Control &= Noise Demo Network Analyzer Config.ini le] 42772023 7:12 PM Configuration sett.. |:
::I;Z ] Noise Demo Oscilloscope Config.ini e} 4/27/2023 14 PM Configuration sett... Noise D o Network Analyzer Config.ini

@ OneDrive - Analog

[ This PC
§ 3D Objects
[ Deskiop
= Register
2| Documents

& Downloads
D Music

e Select the file named Noise Demo
~Network Analyzer Config.ini file DO THIS FIRST

= EDGE(G:)

Eamme “ v| Scopy-Files (*.ini) o

Double-click on the
icon above and save
to your preferred
location on your
laptop
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The Network Analyzer Panelis Opened and Configured = Doecs

AHEAD OF WHAT'S POSSIBLE™

- S . - =

Q Home
JU oscilloscope
Stopped
allly- Spectrum Analyzer 10.00 Hz 100 Hz

@ Network Analyzer

4 signal Generator

@ LogicAnalyzer

ﬂ_r Pattern Generator

|Q pigital 10

E Voltmeter

@ Power Supply

ySave  Load My

{3} Preferences

About

ANALOG
DEVICES
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ClickfHere}to see the Relevant Settings A

AHEAD OF WHAT'S POSSIBLE™

Sets the amplitude to 10Vpp

The minimum frequency for the
Network Analyzeris 1 Hz

10.00 Hz

Sets the start frequency to 1Hz, stop
frequency to 100Hz
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ANALOG

Scroll Down to See Additional Config Settings DEVICES

AHEAD OF WHAT'S POSSIBLE™

- X
0
Stopped ms ~
100 Hz
Logarithmic

Click Run to start the sweep

Sets the number of periods to 2 and the
number of averages to 2

Sets the Y-axisto spanfrom-60dB to
0dB
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What Do We Expect to See? AR

AHEAD OF WHAT'S POSSIBLE™

THzto 1kHz
10 Vep
4% ADALM2000 -6 dB 10 Hz
m Spectrum
5 i
o Analyzer
10k0 0.1Hz 10Hz
30dB 30dB
5 mVer —P o HPF LPF ° BV
100 §

We are applying a 10 Vpp sinewave at the input, dividing it by 2000,
multiplying by 60dB (1000) and measuring the ratio =» -6 dB
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Scopy - w141 - fbeeh]
= ScoRv
£> Home
JU oscilloscope
Al Spectrum Analyzer
@ Network Analyzer
W Signal Generator
@ Logic Analyzer
Il Pattern Generator
1O pigital 10
E Voltmeter

@ Power Supply

thsave  Load My

12} Preferences

About

ANALOG
DEVICES

Analog Devices Confidential Information.

Sample: 40 £ 40 Current Fraquency: 100.000 Hz  Average:2/2
DCVoltage: -34.86 mV  Gain Mode: Low

—-9dBat10Hz

éamandphasepIothrtheO-1HZt0‘ ””””” o
>

- 10Hz filter from 1Hz to 100 Hz. Flatband
galn should be -6dB |

©2021 Analog Devices, Inc. All rights reserved.

Typical Result for the Network Analyzer Demo

+ Settling time

1
Hz

Center
50.5

Hz v

Samps/decade

20

Min. Magnitude Min. Phase
-60 -180
dB o
Max. Magnitude Max. Phase
0 180

dB

Delta Label

BUFFER PREVIEWER

- [l

C] Cursors =

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™
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AHEAD OF WHAT’S POSSIBLE™

Integrated Noise
Demo

Analog Devices Confidential Information. ®2021 Analog Devices, Inc. All rights reserved. 2 May 2024 13



Integrated Noise Demo Board Schematic DEVICES

AHEAD OF WHAT'S POSSIBLE™

R1
4[’\.;{/\/
GND
2
2
R3
iMm
GND
c2
DHP
|1
11
R4 RS
10 10k
GND
(=30
7 CH2+
2+
iz
=6 ADA4S10 -
10k J_—‘
= GND
GIND
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Integrated Noise Demo Board Top Side DEVicES

AHEAD OF WHAT'S POSSIBLE™

INTEGRATED NOISE DEMO
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ANALOG

Estimate the Noise DR

AHEAD OF WHAT'S POSSIBLE™

%7% \V

~ OUTPUT
>_° vour OPAMP's Noise Curre
B RGNoiseVoltage ¢ RF Noise Voltage

INPUT é© W W&

o VOUT

1. Start with your circuit o) ) O:AMP,SNOMOM e OQUTPUT

v OPAMP's Noise Current
® |\l/|\TP T RGNoiseVoltage t RF Noise Voltage
U DT —E
N4

By

G

o VOUT

2. Add the noise sources OPAMPs Noise Current oravponosevarage U TPUT

3. Refer the noise sources to

the output
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Noise Bandwidth and Noise Sources LelDEvices

ldentify the noise Bandwidth

= ADA4510 configuredin G =100T
= Small-signal bandwidth =10.4Mhz/1001=10.4kHz
= Noise bandwidth =10.4Khz * 1.57 = 16.3kHz

o e oo
[9,] < (¥, ] <
N =

ldentify each noise source:

= Rg=1k 24nV/SQRT-Hz

Rf = IM=127nV/SQRT-Hz

Rs = 1IM=127nV/SQRT-Hz

ADA4510 &Vn =5nV/SORT-Hz (@16.3kHz)
ADA4510 = In- = 200fA/SQRT-Hz (@16.3kHz)
ADA4510 = In+ = 200fA/SQRT-Hz (@16.3kHz)

Analog Devices Confidential Information. ®2021 Analog Devices, Inc. All rights reserved. 2 May 2024 17



ANALOG

Refer to the Output L pevices

Refer each Noise Source to the Output:
= Rg =1k 4nV/SORT-Hz*1000 = 4pV/SQRT-Hz (RTO) )
Rf = IM=»127nV/SORT-Hz*1 = 127nV/SORT-Hz (RTO) L 1w
Rs = IM=»127nV/SORT-Hz*1001 = 127uV/SQRT-Hz (RTO) 4
ADA4510 9 Vn =5nV/SQRT-Hz (@16.3kHz/*1001 = 5uV/SORT-Hz (RTO)  °
ADA4510 = In- = 200fA/SQRT-Hz (@16.3kHz) *IM= 200nV/SORT-Hz (RTO)
ADA4510 = In+ = 200fA/SQRT-Hz (@16.3kHz)*IM*1001 = 200uV/SORT-Hz (RTO)

sum the NSD at the output:
=\/(4/1V/\/E)2+(127n1//\/§)2+(127,u/x/EV)2+(5,uV/\/E)2+(200nV/\/E)2+(200,uV/\/E)2 _ 237V | JHz

OUTysp @163k

Estimate the Total Noise:
v = 6.6x237uV |\ Hz x~\J16.3kHz = 200mV,,

OUTTOTALNOISEVPP
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|[dentify Dominant Noise Sources BRVICES

AHEAD OF WHAT'S POSSIBLE™

Output Noise Spectral Density Pareto Chart

1000
Notice that the Y-axisis a LOG scale, these are >10x the
next highest noise sources
100
10
1
0.1

® |B+*Rs*Gain M Rs*Gain Vnoise *Gain M Rg*Gain ®[B-*Rf mRf
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Simulating Noise in LTSpice BRI

AHEAD OF WHAT'S POSSIBLE™

Add the .noise command as a SPICE directive with the listed arguments: §
= Qutput: The node where you want to examine the output referred noise -
= |[nput: The source where you want to examine the input referred noise 5
= Type of sweep: octave, decade, linear or list < v2
= Number of points: per octave, per decade, etc s
= Start Frequency: Lowest frequency in the sweep in Hz 2
= Stop Frequency: Highest frequency in the sweep in Hz
SPICE directive Input source Points/dec

\ L

.noise V(VOUT) VIN dec 101 1 10MEG

S

Output node Decade sweep Start frequency Stop frequency
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Simulating Noise in LTSpice

[ I Topice - Integrated Moise Example 1 Ch Aasc - - x
M A QR E I AR L RRNOS I LB 3 DM OD O jdap
1, Integrated Noise Example 1Ch A.ascf~ |rtegrated Noise Example 1Ch Araw
1, Integrated Noise Example 1 Ch A. =0 =R
| a
Start the vi Prct)betthed
simulation 5 output node
< L2
5
g

.op
.noise V(VOUT) VIN dec mM \

% Integrated Noise Example 1 Ch A.raw

N ElE=]

/
/ V(°“°'Seﬁq Ctrl+left click on V(onoise) to

0.001V/HzVg

] 1 mvoke the total noise calculatlon

) [g’\"(onolse) *

0.0001 VIHZ1/2? """"""""""" Interval Start 1000mHz

] e End

T Total RMS noise
1@-05VIHZYrg e NN AT L
1e-06V/Hz: I rT———

1Hz 10Hz 100Hz
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ANALOG

Output Referred Noise Spectral Density DEvicES

AHEAD OF WHAT'S POSSIBLE™

0.001V/HzZV

Place the cursor at the
noise bandwidth of 16.3kHz

We estimated 237 uV// Hz
at the noise bandwidth of
16.3 kHz

0.0001V/Hz" —— e e o FNC e L
1 EON o This is slightly past the
[T Integrated Noise Example 1.raw -3dB pOIﬂt
| Cursor —
! anolse .
o Calculating ~3dB down
| Horz:| FEREEEEEITE ~ Ver:| 163.12254V/Hz': .
| = | = from our estimate we
[ ursar
o would expect 167 pV// Hz
e[ WA v WA | IR Ul R N
1e-05V/HzYg- | Diff (Cursor2 - Cursor1) SN The simulation shows
] | Ho [ —nyA- Vet — NfA- o P N o | 183 pV//Hz
‘ Slupe:l — NfA—

1e-06V/Hz — T T T T T
1Hz 10Hz 100Hz 1KHz 10KHz 100KHz 1MHz
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Total Noise ANALOS

AHEAD OF WHAT'S POSSIBLE™

0'001VIHZ1/‘- : 3 V(OHOISE) P : o b : Poob
1 ~ » Tobring up the total RMS
| ~ noise dialog box:
1 ~ Ctrl+left click on V(onoise)
L ~ » Multiply the Total RMS
0.0001V/HzYo - ~ noise by 6.6 to estimate
. P peak-to-peak noise:
] | Vere=9 = 6.6%34.578mV = 228mV,
ouT, TOTALNOISEy PP
. Interval Start: | s P
- Interval End: | .
_ - » Weestimated 200mVpp
o Total RMS noise: | -
1e05V/Hzv
1-08V/Hz Yt
1Hz
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Launch Scopy and Load Config File DEvices

AHEAD OF WHAT'S POSSIBLE™

Connect the ADALM2000 to your SlEEsad
laptop and launch Scopy & e

NI oscilloscope

Click on the M2K icon e

@ Network Analyzer

Click connect

M signal Generator

load the file named:

. @ Logic Analyzer i ) E R "
Once connected click onloadand |8 - deny | pommoeke | calbat Regster

|Q pigitalio

“Integrated Noise Scopy Config.ini" [

@ Power Supply

{3} Preferences

About
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| et's Have a Look at the Total Noise BEvIcES

AHEAD OF WHAT'S POSSIBLE™

Click “Run” to start the oscilloscope

v1.4.1 - fabeebl

sconv ) Enable Mixcd
Signal View
43 Home

JU oscilloscope Channel 1

I|||||I Spectrum Analyzer

@ nNetwork Analyzer
Signal Generator
Logic Analyzer
Pattern Generator
Digital 10
Voltmeter

50

T ks

Snapshot

b save Load Ty
{2} Preferences
50 mv/div (2.5)
About
. CH1 = Cursors Measure Trigger
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Review the Result...is it about what you expected? BEVICES

AHEAD OF WHAT'S POSSIBLE™

= SCcoRrvY . Enable Mixed

{3 Home

JU oscilloscape

allly Spectrum Analyzer

@ Network Analyzer
A signal Generator

@ Logic Analyzer

Pattern Generator

1O pigital 10

Channel 1

You can click thefstop buttonjand look
peak-to-peak measurement

Try running and stopping a few
times...you will notice some variationin
the result...this is the nature of noise

If your result seems too high, you might

= oimeter Peak-peak 77 mi be picking up external noise (the circuit
& rvesiny Mean -13.086 m\ n___(, has very highimpedances andisina
: high gain)try moving the board or
rotating it to reduce any external
li hl‘\uj J\."ﬂ . 7- el | Nty e interference ©

| %Al 1 . i\‘ It Tl |f J
il \"‘ AT Y I‘.‘ Lyl ik |1 T TN TRTm N R"f"“
»,I‘ ‘M i ‘\pJ[ |‘U‘ \ _ ‘\ \w‘\I lFH i 'l‘ Mv { Il‘“\lu H e | ‘-w Iw H i i 'nﬂu' 0 ‘I‘I\’l i “I ‘n ull.w
I\ | 1 ‘|I H I .|| | ‘\>‘ ‘ n‘ | “ I
N ‘ | ‘1 i il \rw I \fﬁf H!-” ‘\ \lml\"‘lw“‘ ”‘] \,\“ IJ ",‘I‘ ‘\“ r‘\“'ﬂﬁ‘ll \'H L
: H l | | ) '

‘:. | [ |

\‘ ‘\ \’\llu

‘4“, \‘ i ,"

M F

Autoset

Snapshot

50 mv/div (£2.5)

@ ci1 E

Cursors Measure Trigger
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Reducing the Noise I Devices

In the previous example we saw that the dominant sources of noise were the IB+ noise
current multiplied by the source impedance multiplied by the gain and the voltage noise of
the source resistance multiplied by the gain

Let'sreduce all the impedance values by 100, keeping the same gain, but with less noise
contribution from IB+and Rs

a Rg Rf
a 10 10k
>

VDD

Vi

w

VS
VS
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: : L ANALOG
Example for a Simple Non-Inverting Amplifier [ oevices
|dentify the noise Bandwidth )
= ADA4510 configured in G = 1001 G
= Small-signal bandwidth =10.4Mhz/1001=10.4kHz 5
= Noise bandwidth =10.4Khz *1.57 =16.3kHz % "2

ldentify each noise source:

= Rg=1020.4nV/SQRT-Hz

Rf = 10k=»12.7nV/SQRT-Hz

Rs = 1k=»12.7nV/SQRT-Hz

ADA4510 &Vn =5nV/SORT-Hz (@16.3kHz)
ADA4510 = In- = 200fA/SQRT-Hz (@16.3kHz)
ADA4510 = In+ = 200fA/SQRT-Hz (@16.3kHz)
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. M ‘L ANALOG
Example for a Simple Non-Inverting Amplifier Ld bevices
Refer each Noise Source to the Output:
= Rg=10 =»0.4nV/SQORT-Hz*1000 = 0.4pV/SQRT-Hz(RTO) 5
= Rf =10k=»12.7nV/SQRT-Hz*1=12.7nV/SQRT-Hz(RTO) < vz
= Rs=10k=>»12.7nV/SORT-Hz*1001=12.7uV/SORT-Hz (RTO) 5

ADA4510 =»Vn =5nV/SQRT-Hz(@16.3kHZz)*1001=5uV/SQRT-Hz (RTO) ~
ADA4510 =» In-=200fA/SORT-Hz (@16.3kHz) *10k=2nV/SQRT-Hz (RTO)
ADA4510 =» In+=200fA/SORT-Hz (@16.3kHz)*10k*1001 = 2uV/SORT-Hz(RTO)

sum the NSD at the output:
=\/(0.4M//\/E)2 (12700 INHz ) +(12.70NE2V ) (50 INHz ) + (200 INEz) +(207 INEz) =14 1Nz

OUTNSD @16.3kHz

Estimate the Total Noise:
= 6.6x14uV | N Hz x~16.3kHz =12mV,,

OUTTOTALNOISEVP P
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Load Config File AR

AHEAD OF WHAT'S POSSIBLE™

&% Scopy - v1.4.1 - fdbecbl - %

Load the file named: —

Signal View

“Integrated Noise Scopy Config Ch B.ini" e e

\UW

AT

i \“l“‘
'|H-I“\\IH‘|‘

|
Y ||
il
i
| 1\l

f \‘ ‘
’ “I\‘\t"‘ﬁl“”
|

Autoset

Snapshot

Measure Trigger
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| et's Have a Look at the Total Noise BEvIcES

AHEAD OF WHAT'S POSSIBLE™

Click “Run” to start the oscilloscope

= Sscopv . Enable Mised

Signal View

{} Home

JU osdilloscope Channel 2

.|||||| SPEETTHWFHH‘)’ZEV - i i § i il il i - - - ) ) ) - - - - - - - - - - - - - - - : - : - : - : CIiCk ”Run” to Sta rt the

@ Networkanayae Fequency: a2 ke oscilloscope

4 signal Generator ea -12315m .

@ Losernm Notice both Ch1and Ch2 are
Logic Analyzer

M on the same scale

oneer You see how much the noise

@. Voltmeter 50 iS reduced

@ Power Supply

mVolts

100

mVolts

| I
\\4” !"\‘|\ |' Il !

T CRTN T IR PP

I‘ F I . | \
.—h “w“'.' |1 l“w‘ww,u“ n ‘\|J w|‘. ”I' }\“‘ H”m,\.m i H\m HH”"‘hl,l'Wll ‘|,||
"-'\" ‘I \“‘l (kY] ||“‘I"‘ .'J' N\I | I'\\" i f'ﬁ’\h\ | ‘“' “"‘“

VT I \‘I VIR T \‘ .‘
“I| ‘ Il | I‘ I | ! H\
! I

| I \
| IH‘l F "

Autoset

Snapshot

50 mv/div (£2.5)

@ cH1

Cursors Measure Trigger
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ANALOG

| et's Zoom In and Measure LaiDEvIcES

Click “Run” to start the oscilloscope

= SCopvY

{} Home

JU oscilloscope

Channel 2

Allly Spectrum Analyzer . .
@ Networkanaiyer Period:  118.682 s
M signal Generator Viean -12.832
‘ Fre qUeTey:2.426 kHz
@ Logic Analyzer
' Peak-peak: 169.814 mV

Pattern Generator

1@ Egsine Mean: -12.339 mv R
Change Ch 2 to 10mV/Div

3 Voltmeter
10

@ Power supply o
Change Ch2 Position to 20mV

20

mVols

: R — - | E—— Measure the peak-to-peak
m ol 1 NN I CHhickness  Curve Syle noise

|

ﬂll\ I “ \‘I‘\I‘ ‘.‘J 1 | ) ‘ ul
- A 4‘ ! “‘ »\““ ‘f' i d ..‘mm T A AT 1 e 9 n“ N w*v "“|’ "‘1"1 it
1"| “‘ i l"'H H‘”‘ “ \“ O O .MJ. (I “*"'ﬁ"...‘;:‘?":"c{ SRR ATt ",."."-'ﬂ'*l"u \fw | f' |

R |

1 “'” H| I ‘M
1 il

Autoset

Snapshot

£} Preferences
50.000 mV/div (£2.5)

@ cH1

About
Cursors Measure Trigger
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AHEAD OF WHAT’S POSSIBLE™

Shutting Down
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Shutting Down AR

AHEAD OF WHAT'S POSSIBLE™

S 1 N N
Home

JU oscilloscope Sample: 40/ 40 Current Frequency: 100.000 HZ Average:2/2

0
DCVoltage:-34.86 mV  Gain Mode: Low Stopped

Settling time

Al Spectrum Analyzer z 10.00 Hz 100 Hz

. . . . |
@ Network Analyzer . H
M signal Generator

@ Logic Analyzer
100
Hz

Il Pattern Generator

f Span
|Q Digital 10 30d8 1

50.5 99
'@ Voltmeter

T Hz v Hz v
-40dB - Rt + Samps/decade Samples count
@ Power Supply 4— : 2 40
E T samples s

-50dB
Periods

safe to disconnect the PCB from the ADALMZ2000; ¢

Average
10.00 Hz

2

100 Hz

|
DISPLAY

Min. Magnitude Min. Phase
-60 -180
dB )

Max. Magnitude Max. Phase
1] 180
dB .

Delta Label

1 BUFFER PREVIEWER —M8M8M ™ —————
o e : ; - =y

About

ANALOG
DEVICES
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Shutting Down

& -v1.4.1 - fibeeh

Sample: 40/ 40 Current Frequency: 100.000 HZ Average:2/2 0

DCVoltage:-34.86 mV  Gain Mode: Low Stopped e

il St 'Click on the Homeicon to gecess the ADALM2000

+ Settling time

U Oscilloscope

@ Network Analyzer
.

M signal Generator C Q—n n_e Ct I

@ Logic Analyzer
Il Pattern Generator

|Q Dpigital 10 - - 50.5

Hz v
'@ Voltmeter
Samps/decade Samples count

@ Power supply 7 )

Periods
2

' Average
10.00 Hz 100 Hz

Min. Magnitude Min. Phase
-60 -180

dB )

Max. Magnitude Max. Phase
1] 180

d8 i °

Delta Label

Lswe Lo | | | viewnosc |

{3} Preferences

About

ANALOG .
DEVICES [ cursors =
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Click on the Disconnect Button ANALOS

AHEAD OF WHAT'S POSSIBLE™

% Scopy - v1.4.1 - fAbeebl = X

You may first need to click on this icon if the option
" to disconnect does not automatically appear

Forget device

‘the Disconnect button. Itis now safe to
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AHEAD OF WHAT’S POSSIBLE™

Thank You!
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