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Hello, and welcome to the Tl Precision Lab discussing intrinsic op amp noise,
part 6.

In the last noise video we covered the basics of noise analysis using SPICE. During
that video we mentioned that it is important to make sure that the noise model is
accurate, and also suggested looking at the net list to check if noise is included in the
model. In this video, we show a more comprehensive method for verifying that the
noise model is accurate. Furthermore, we show a method for creating our own
model if an accurate model does not already exist.
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This is the standard test circuit for confirming the noise model of an amplifier. The
amplifier is placed in a voltage follower configuration, which allows the input voltage
noise to be buffered so that it can be measured at the output probe V. A current
meter | is placed in series with the non-inverting input to measure the current noise
of the amplifier.

To begin the noise analysis, click “Analysis” in the menu bar, then click “Noise
Analysis.”



Test Voltage and Current Spectral Density
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After selecting “Noise Analysis,” you will need to enter the start and end frequency to
match the plot in the amplifier’s data sheet. You should also select “Output Noise”
under the diagrams section to generate the noise spectral density curve.



OPA227 Matches the Data Sheet

Noname - Output noise8
Fle Edt View o Hebp

INPUT VOLTAGE AND CURRENT NOISE =8 Y QQ T MA7aFatN IR TN
SPECTRAL DENSITY vs FREQUENCY —J wr & A ENOINN A3

100.00p—

10.00p
Current_Noise
1.00p~

100.00E-15-
100.00n

Voltage_Noise 49 ogp]
01 1 10 100 1k 101

Frequency (Hz)

Voltage Noise (nV//Fz)

Current Noise (fA/VHz)

100m 1 10 100 1k 10k
Frequency (Hz)

Total nmseB,( Output naiseB {Input noisek, A'ota\ noiseb. ADuIDJl noise?, éln);ul noise7 éT otal noise7 E Output noise8, z [¢ls] I

&3 TExAs INSTRUMENTS

This slide shows the result of the noise simulation. Make sure that you compare
several points on the voltage and current noise curves from the data sheet to the
simulated results. In general, modern Texas Instruments amplifier models accurately
model noise, so the simulated results should closely match the data sheet curves.
However, some old models or obscure devices may not properly model noise. What
do we do if there is an issue with a noise model or if the model doesn’t exist? The
answer is that we can make our own model. The remainder of this video covers the
step-by-step procedure for creating a noise model.
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This slide shows an example of an older model for the OPA627 that did not accurately

cover noise. Thankfully, the model has been updated so that the current version
available on the Tl website shows accurate performance. Nevertheless, the old
version is embedded in this presentation as an example of a model that does not

properly include noise.

In this example, if you compare the simulated voltage noise spectral density to the

data sheet graph you can see that 1/f noise is not modeled. Furthermore, the

simulated current noise should be 1.6fA/VHz but is the wrong magnitude. What do

we do in the case that we do not have a good noise model?




Build Your Own Noise Model
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Texas Instruments provides a Tina SPICE model that you can customize in order to
achieve accurate noise performance. The model includes a noise voltage source, a
noise current source, and a generic op amp. The 1/f and broadband noise in the
models can be adjusted according to the data sheet specifications for the op amp you
want to model. Also, the op amp’s open loop gain and bandwidth can be adjusted so
that the AC response is correct. Included in this presentation is an embedded link to
the Tina SPICE circuit with the noise sources and generic op amp. Now, let’s see how
to edit the sources and op amp to match the data sheet.
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First, let’s edit the voltage noise source. Right click on it, then select “Enter Macro.”
This will open a net list viewer.



| opab627 noise source mod:U1 [MACRO] - Schematic Editor
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The net list for the noise voltage source should look like the screenshot on the right.

First let’s enter the 1/f noise. 1/f noise is controlled by two values: the noise spectral
density in nV/VHz and the frequency at which it’s measured. In this case, the noise is
50nV/VHz, so 50 is entered for the parameter NLF. This noise value is measured at
1Hz, so the frequency FLW is set to 1. When selecting the 1/f noise voltage, make
sure that this point is selected at the lowest frequency on the curve. This will insure
that the 1/f component in the noise model is dominant and the broadband noise isn’t
affecting the value much. This will give the most accurate result for your simulation.



ﬂ opa627 noise source mod:U1 [MACRO] - Schematic Editor
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The broadband region only requires one entry in the model. The voltage noise
spectral density in nV/VHz in the broadband region is entered under the parameter
NVR. In this example the broadband noise is 5nV/VHz, so NVR is set to 5. Note that
the frequency does not need to be entered because broadband noise is constant
over frequency.
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The final step for the voltage noise source is to click the compile check box. If the
updated net list has no errors, you will see the message “Successfully compiled” at
the bottom of the window. Once the macro is compiled, click “File” then “Close
Netlist Viewer” to return to the schematic editor.



Current Noise Source
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The same procedure is done for the current noise source. In this example the current
noise source does not have a 1/f region. So, set the 1/f noise the same as the
broadband noise and enter the 1/f frequency at a very low frequency value, such as
0.001.



Important Op Amp Characteristics
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The final requirement is to make some modifications to the generic op-amp model.
First, find the linear equivalent of the decibel open loop gain, or A, given in the data

sheet. In this example 120dB translates to 1x10°. Next, find the op amp’s gain

bandwidth product spec, or GBW. Divide the GBW by the linear A, to calculate the
dominant pole. In this example, the GBW of 16 MHz divided by the linear A, of 108
gives a dominant pole of 16 Hz. This information will be directly entered into the

model.

12



Edit Generic Op Amp Macromodel
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Double-click on the op amp schematic symbol to open the properties window. Click
the button in the “Type” field to access the op amp specifications. Here, enter the
open loop gain and dominant pole into the generic op-amp model. At this point, the
op amp and noise sources contain all the information needed for noise simulations.
Let’s do a final simulation to confirm that we didn’t make any mistakes.

13



Verify the Noise Model
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Using the noise test circuit introduced at the beginning of this video, re-run the noise
simulation. After our adjustments, the model now matches the data sheet! This op
amp model can now be used in any application circuit to measure noise. After you

build a few of these noise models, you will find that it is a relatively simple procedure.

In some cases, you may even choose to develop your own noise model even if an
accurate one exists. The reason is that a customized noise model provides the
flexibility to adjust or eliminate noise sources. This gives you the ability to
experiment and determine the dominant source of noise.

14



Thanks for your time!
Please try the quiz.
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That concludes this video — thank you for watching! Please try the quiz to check your
understanding of this video’s content.

15
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Quiz: Noise 6

1. How can you test an op amp macro model?

Place the model in high gain and look at the output noise

Connect a large resistor to the input to translate current noise to voltage
noise

Configure the model as a buffer and look at the output voltage

Measure the current noise using an amp meter

Bothaandb

Bothcand d

o o

-0 o0

. What is not part of developing a noise macro model?
Setting the broadband and 1/f voltage noise

Setting the broadband and 1/f current noise

Setting the slew rate on the op amp model

Setting the open loop gain and bandwidth on the op amp model

co TN

3. When entering 1/f noise into the macro model you should :
a. Choose the point near the noise corner
b. Choose the point at the lowest frequency shown on the graph.
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Noise 6

Multiple Choice Quiz: Solutions
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Quiz: Noise 6

1. How can you test an op amp macro model?

Place the model in high gain and look at the output noise

Connect a large resistor to the input to translate current noise to voltage
noise

Configure the model as a buffer and look at the output voltage

Measure the current noise using an amp meter

Bothaand b

Both cand d

o o

=000

. What is not part of developing a noise macro model?
Setting the broadband and 1/f voltage noise

Setting the broadband and 1/f current noise

Setting the slew rate on the op amp model

Setting the open loop gain and bandwidth on the op amp model

co TN

3. When entering 1/f noise into the macro model you should :
a. Choose the point near the noise corner
b. Choose the point at the lowest frequency shown on the graph.
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1. Use simulation to generate the data sheet noise curves for OPA211.
Does the simulation model match the data sheet?.
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2. Create a model for OPA211 noise using the noise current and voltage
sources with the generic op amp model.
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Noise 6

Solutions
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1. Use simulation to generate the data sheet noise curves for OPA211.
Does the simulation model match the data sheet?
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http://training.ti.com/system/files/docs/1316%20-%20Noise%206%20-%20Problem%201.TSC

2. Create a model for OPA211 noise using the noise current and voltage
sources with the generic op amp model. Set Voltage noise source.
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2. Create a model for OPA211 noise using the noise current and voltage
sources with the generic op amp model. Set current noise source.
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2. Create a model for OPA211 noise using the noise current and voltage
sources with the generic op amp model. Set up op amp.
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2. Create a model for OPA211 noise using the noise current and voltage
sources with the generic op amp model. Test new circuit.
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