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Introduction

When working with op amp circuits an engineer is frequently
required to predict the total RMS output noise in a given
bandwidth for a certain feedback configuration. While op
amp noise can be expressed in a number of ways, “spot
noise” (RMS input voltage noise or current noise which
would pass through 1Hz wide bandpass filters centered at
various discrete frequencies), affords a universal method of
predicting output noise in any op amp configuration.

The Noise Model

Figure 1 is a typical noise model depicting the noise voltage
and noise current sources that are added together in the
form of root mean square to give the total equivalent input
voltage noise (RMS), therefore:

Eni is the total equivalent input voltage noise of the circuit,

eni is the equivalent input voltage noise of the amplifier, and

lni
2RG

2 is the voltage noise generated by the current noise.

4KTRG expresses the thermal noise generated by the external
resistors in the circuit where K = 1.38 x 10-23 joules/oK;
T = 300oK (27oC) and:

The total RMS output noise (Eno) of an amplifier stage with
gain = G in the bandwidth between f1 and f2 is:

Note that in the amplifier stage shown, G is the non-inverting
gain:

,

regardless of which input is normally driven.

Procedure for Computing Total Output
Noise

1. Refer to the voltage noise curves for the amplifier to be
used.

2. Enter values of eni
2 line (a) of the table below from the

curve labeled “Noise spectral density” (the values must
be squared).

3. From the current noise curves for the amplifier, obtain the
values of ini

2 for each of the frequencies in the table,
and multiply each by RG

2, entering the products in line (b)
of the table.

4. Obtain the value of 4KTRG from Figure 8, and enter it on
line (c) of the table. This is constant for all frequencies.
The 4KTRG value must be adjusted for temperatures
other than normal room temperature.

5. Total each column in the table on line (d). This total is
Eni

2.

6. On linear scale graph paper enter each of the values for
Eni

2 versus frequency. In most cases, sufficient accuracy
can be obtained simply by joining the points on the graph
with straight line segments.

For the bandwidth of interest, calculate the area under the
curve by adding the areas of trapezoidal segments.   This
procedure assumes a perfectly square bandpass condition;
to allow for the more normal -6dB/octave bandpass skirts,
multiply the upper (-3dB) frequency by 1.57 to obtain the
effective bandwidth of the circuit, before computing the area.
The total area obtained is equivalent to the square of the
total input noise over the given bandwidth.

7. Take the square root of the area found above and multiply
by the gain (G) of the circuit to find the total Output RMS
noise.

8. Take the square root of the area found above and multiply
by the gain (G) of the circuit to find the total Output RMS
noise.

A Typical Example

It is necessary to find the output noise of the circuit shown
below between 1kHz and 24kHz.
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Values are selected from the data sheet and Figure 8 to fill in
the table as shown below. An RG of 30k was selected.

The totals of the selected values for each frequency is in the
form of Eni

2. This should be plotted on linear graph paper as
shown below:

Since a noise figure is needed for the frequency of 1kHz to
24kHz, it is necessary to calculate the effective bandwidth of
the circuit. With AV = 60dB the upper 3dB point is approxi-
mately 24kHz. The product of 1.57 (24kHz) is 37.7kHz and is
the effective bandwidth of the circuit.

The shaded area under the curve is approximately
45 x 10-12V2; the total equivalent input noise is Ein

2 or 6.7V,
and the total output noise for the selected bandwidth is Ein

2 x
(closed loop gain) or 6.7mVRMS.

Actual Measurements for Comparison
The circuit shown below was used to actually measure the
broadband noise of the HA-2600 for the selected bandwidth:

The frequencies below the f1 point of the bandwidth selected
are filtered out by the RC network on the output of HA-2600.
The measurement of the broadband noise is observed on the
true RMS voltmeter. The measured output noise of the circuit is
4.7mVRMS as compared to the calculated value of 6.7mVRMS.

Acquiring the Data for Calculations
Spot noise values must be generated in order to make the out-
put noise prediction. The effects of “Popcorn” noise have been
excluded due to the type of measurement system.

The Quan-Tech Control Unit, Model No. 2283 and Filter Unit,
Model No. 2181 were used to acquire spot noise voltage
values expressed in (V/Hz). The test system performs
measurements from 10Hz by orders of magnitude to 100kHz
with an effective bandwidth of 1Hz at each tested frequency.

Several source resistance (RG) values were used in the
measuring system to reveal the effects of RG on each type of
Intersil's op amps and to obtain proper voltage noise values
essential for current noise calculations.

 A Discussion On “Popcorn” Noise
“Popcorn” noise was first discovered in early 709 type op
amps. Essentially it is an abrupt step-like shift in offset voltage
(or current) lasting for several milliseconds and having ampli-
tude from less than one microvolt to several hundred micro-
volts. Occurrence of the “pops” is quite random - an amplifier
may exhibit several pops per second during one observation
period and then remain “popless” for several minutes. Worst
case conditions are usually at low temperatures with high val-
ues of RG. Some amplifier designs and some manufacturer's
products are notoriously bad in this respect. Although theories
of the popcorn mechanism differ, it is known that devices with
surface contamination of the semiconductor chip will be partic-
ularly bad “poppers”. Advertising claims not withstanding, the
author has never seen any manufacturer's op amp that was
completely free of “popcorn.” Some peak detector circuits have
been developed to screen devices for low amplitude “pops”,
but 100% assurance is impossible because an infinite test time
would be required. Some studies have shown that spot noise
measurements at 10Hz and 100Hz, discarding units that are
much higher than typical, is an effective screen for potentially
high “popcorn” units.

The vast majority of Intersil op amps will exhibit less than

10Hz 100Hz 1kHz 10kHz 100kHz

(a) eni
2 3.6x10-15 1.156x10-15 7.84x10-16 7.29x10-16  7.29x10-16

(b) Ini
2RG

2 9.9x10-16 1.89x10-16 3.15x10-17 7.2x10-18  72x10-18

(c) 4KTRG 4.968x10-16 4.968x10-16 4.968x10-16 4.968x10-16 4.968x10-16

(d) Eni
2 5.09 x10-15 1.86x10-15 1.31x10-15 1.23x10-15 1.23x10-15

FIGURE 2. THE HA-2600 IN A TYPICAL G = 1000 CIRCUIT
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3VP-P “popcorn”. Screening can be performed, but it should
be noted that the confidence level of the screen could be as
low as 60%.
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Typical Spot Noise Curves Unless Otherwise Noted: VS = 15V, TA = 25oC 

FIGURE 5. HA-2500/2510/2520 INPUT NOISE VOLTAGE FIGURE 6. HA-2500/2510/2520 INPUT NOISE CURRENT

FIGURE 7. HA-4741 INPUT NOISE VOLTAGE FIGURE 8. HA-4741 INPUT NOISE CURRENT

FIGURE 9. NOISE vs RESISTOR VALUE
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for 

the incorporation or any other use of the circuits, software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by 

you or third parties arising from the use of these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or other intellectual property rights of third parties, by or 

arising from the use of Renesas Electronics products or technical information described in this document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application 

examples. 

3. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

4. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any and all liability for any losses or damages incurred by 

you or third parties arising from such alteration, modification, copying or reverse engineering.

5. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for each Renesas Electronics product depends on the 

product’s quality grade, as indicated below.

 "Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic 

equipment; industrial robots; etc.

 "High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key financial terminal systems; safety control equipment; etc.

 Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products are 

not intended or authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause 

serious property damage (space system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims any and all 

liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is inconsistent with any Renesas Electronics data sheet, user’s manual or 

other Renesas Electronics document.

6. When using Renesas Electronics products, refer to the latest product information (data sheets, user’s manuals, application notes, “General Notes for Handling and Using Semiconductor Devices” in the 

reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation 

characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such specified 

ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific characteristics, such as the occurrence of failure at a 

certain rate and malfunctions under certain use conditions. Unless designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas 

Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury, injury 

or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety design for hardware and software, including but not limited to 

redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult 

and impractical, you are responsible for evaluating the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. You are responsible for carefully and 

sufficiently investigating applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics 

products in compliance with all these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance with applicable 

laws and regulations.

9. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws 

or regulations. You shall comply with any applicable export control laws and regulations promulgated and administered by the governments of any countries asserting jurisdiction over the parties or 

transactions.

10. It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or transfers the product to a third party, to notify such third 

party in advance of the contents and conditions set forth in this document.

11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.

(Note 1)  “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

(Note 2)  “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.


