NOISE

To quantify noise in an op amp circuit, it is
customary to give noise levelsin terms of
the equivalent input noise. So noise sources
in various parts of the circuit are
recalculated to the equivalent input noise
that would produce the noise in question.
The op amp circuit noise model has anoise
voltage source for each resistor and one for
one of the inputs. (The input voltage noise
source Vy,; may be placed on either input).
Additionally, there is a noise current source
on each input on the op amp.

REFERRAL

In evaluating noise, the placement of V,; and
the distribution of input noise between |,
and l;,. are selected to give the worst case
scenario.

The conversion formula for each noise
source is derived by finding expressions for
Vout resulting from 1) the noise source and 2)
the equivalent input source. These
expressions may then be set equal to each
other and a conversion formula formed.
Two examples follow:

EXAMPLE 1: The Non-Inverting Amplifier

NON-INVERTING AMPLIFIER

NON-INVERTING AMPLIFIER NOISE MODEL

Ry Vry \4

Finding the noise produced b

y each source:

Noise due to aresistor:

k = 1.38x10% [JK]
T =300 [Kelvin]

V. =4KTR

It iseasier to visualize the problem i

R = resistance [W]
f we take each source separately, find its value, and

convert that value to an equivaent input noise. The sign of the result is not important
since each value will be squared, making it positive.

Vhrg Noise due to Ry

\/out
—O

Virg =1/ 4KTR,

This noise will not need to be referred to the
input because it is already at the input.
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Vni

Noise due to V,

Vni :Vni
No calculations are required for this case. This

noise will not need to be referred to the input
becauseit is aready at the input.

I ni+Rg

Since al of the current from I, flows through
Ry to ground, the noise dueto |, in terms of
voltageis I+ multiplied by Ry. This noise will
not need to be referred to the input.

Noise due to |-

The positive input is at ground
potential due to the path through
Ry. Under asymptotic conditions,
the negative input of the op amp is
also at ground potential and no
current flowsinto it.

So no voltage drop exists across R; and thereis no
current flow through R;. Therefore, all of the
current from 1. must flow through Ry and the
voltage at Vo Will be -1, R

To refer the noiseto the input:

. R+R
Vneqlni— T ~Vout —° Ini— Rf
gain of the
amplifier
. RR
so that Vneqlni— =- Ini—
R+R;
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Noise due to Vpr1

Under asymptotic conditions, the negative input of the
op amp is a ground potential and no current enters the
op amp, so al of the current generated by Vqr; (which
is Vhri/R1) goes through Ry to create a voltage at the
OUtpUt (-VnR]_Rf/R]_).

To refer the noiseto the input:

., R+R R
Vnequ Rl L= out__EanRl
gain of the
amplifier
sothat V = A AKT
neqRL R1+ Rf Rl

Noise due to Vgs

In this case, the noise at the output due to Vg
issmply Vg

To refer the noiseto the input:

. R*R
Vnequ R1 f :Vout :Van
- R R
sothat V. = 4KT
negRf R1+ Rf Rf
. i NOISE NOISE REFERRED
Finding the Total Noise Referred to the SOURCE TO INPUT
Input of the Non-Inverting Amplifier Virg JAKTR,
The noise sources and their input equivalences are V2 V2
listed at right. To find the total noise V, at the inpt, n n
sum the sguares of each noise component | i Ry
(referenced to the input) and take the square root of | RR
the sum. - S IR g—
R+R
VRl
: /4KT!
R+R i
Vire R ar
n 4KTR
R+R, f
o &
V, =, [4kT AL JATR S + /4kT o
\/Rg ”'*Rg)zé +5R1R é i

Tom Penick tomzap@eden.com www.teicontrols.com/notes 5/9/99 Page 3 of 5




EXAMPLE 2: The Inverting Amplifier

INVERTING AMPLIFIER INVERTING AMPLIFIER NOISE MODEL

Vout
—O

Vhrg Noise due to Ry

Rg \ARQ Rl

L Virg = 4/4KTR,

This noise will not need to be referred to the
NI input because it is already at the input.

V. =+/4KTR
This noise will not need to be referred to the
input because it is already at the input.

R To refer the noiseto the input:
- R +R +R
Vou Vn Vni = out :Vn' w
egVni Rg + Ul i Rg +R1
-  Movedt _ o R*R*R,
b poos\i/t?veO so that Vnquni - Vni —Rf

= = input
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Noise due to |+

Since the positive input is connected to ground,
i+ 1S NOt & factor.

Under asymptotic conditions, al of the current
R from I,;. flows through R and the voltage at Vo
R, WWY will be -1niRs.
Vou , .
_ —o  Torefer the noiseto the input:
(\ /\\‘eq Ini- f
L L - - R _
N - Vneqlni— R9+R1_Vout__ Inin
mthat Vneqlnl = ni- (Rg +R1)
Noise due to Vygs
RV To refer the noiseto the input:
P Rf
=V :Van

neq Rf out
Rg +

R
sothat Vo :M‘Mkmf

f

. ) NOISE NOISE REFERRED TO
Finding the Total Noise Referred to SOURCE INPUT
the Input of the Inverting Amplifier Virg JAKTR,

The noise sources and their input equivalences A R, +R+R
arelisted at right. To find the total noise V, at - Vi R
the input, sum the squares of each noise !
component (referenced to the input) and take | 0
the square root of the sum. .. I (Rg + Rl)
Vo VJAKTR,
Vi R +R) e
—)——= [4KTR
R, '
R +R+R; Fe1 +R, 0 ar +R o]
AKTR, + T +[ (R +R)2+akTR + é—,/4kTRf T
\/ §/ b R o}
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