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Lesson 4
Locating, modifying, and installing vacuum tube models..

What you will learn in Lesson four.

1. How to define and describe an LTspice symbol.
2. How to define and describe a spice model.
3. How to find sources of tube models.
4. The Names of The Two Most Important Developers of Vacuum Tube Models.
5. How to Modify the Models so they will Work with LT Spice.
6. Where to Put the Models so LT Spice Will Recognize Them.
7. How to Place a tube Symbol and Model in a Schematic Diagram.

LTspice schematic symbols.

LTspice has a very good schematic drawing interface. Spice has come a long way since the old Fortran days when you had
to enter the circuit in the form of a net list. You can make your own schematic symbols but the chances are very good that
whatever you may want, someone else has already done it and posted it on the web. The schematic symbol is just what it
sounds like. It's the standard schematic symbol for a tube, transistor, etc. It has points where connections can be made by
drawing lines (wires) between the symbol and other components on the diagram. But it does not contain any information
about how it will affect current through and voltage applied to the device. If you place a symbol on your drawing that does
not have a model associated with it all you will get will be an error message.

LTspice models.

If it is to work the schematic symbol must be teamed up with a model. A model is a set of equations that tell LTspice how
the device in the symbol affects current and voltage that flow through it or are applied to it. For example a transistor model
will contain the equations that describe how the transistor behaves when placed in a circuit. A symbol is useless without a
model and a model is much more difficult to use if it does not have a symbol. The model often calculates temperature
effect as well as voltage and current.

Symbol and model association.

You don't need to have an equal number of symbols and models on your computer. One triode symbol can serve as the
symbol for hundreds of different triode models. Tubes are somewhat of a special case because you must link the symbol to

Spice lesson Four. file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%...

1 of 5 5/5/2022, 8:39 PM

file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/index.html
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/index.html
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/index.html
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/downloads/Spice_lesson_04.pdf
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/downloads/Spice_lesson_04.pdf
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/Spice_lesson_01.html
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/Spice_lesson_01.html
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/Spice_lesson_02.html
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/Spice_lesson_02.html
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/Spice_lesson_03.html
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/Spice_lesson_03.html
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/Spice_lesson_05.html
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/Spice_lesson_05.html
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/Spice_lesson_06.html
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/Spice_lesson_06.html
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/Spice_lesson_07.html
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/Spice_lesson_07.html
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/Spice_lesson_08.html
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/Spice_lesson_08.html
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/Spice_lesson_09.html
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/Spice_lesson_09.html
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/Spice_lesson_10.html
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/Spice_lesson_10.html
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/Spice_lesson_11.html
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/Spice_lesson_11.html


the model file by a label you place on the schematic symbol and by a spice directive that identifies the model file by its
complete name. In the case of transistors or diodes after you place one on the drawing board when you right click on it a
list of available transistor or diode numbers will appear on your screen and you must select one of them. When we get to
lesson 6 you will see how two different symbols are served by one model file. That is rare and limited by practicality. For
example there are variations in the way transistor symbols are drawn. This has no effect on how the device will perform, it
is just a matter of taste on the part of the person drawing the diagram.

Sources of Tube Models.

After several hours of research on the web I have concluded that these three sources plus one that I was emailed are the
best.

Duncan's Amps Spice Models. There aren't many tube types available but they are the basic audio set.

Models by Norman Koren. Use your browser's search feature to find "download the tube models".

I was sent a link to the tube models made by Ayumi Nakabayashi. They are the only ones that need to be edited to work
with LT Spice.

Vacuum tube models from github. When you click on the link a page comes up that contains all the tube models.
Eventually you will have to separate them and put each tube type in a separate file. For now dump them into a single file

I can't post the files but I can post a link to them and you can download them for your personal use and everything is legal.
At the end of this process you will wind up with two or three versions of each tube type. To avoid writing over one with
another, append a couple of letters to the tube number. For example da for the files from Duncan's Amps, nk for files from
Norman Koren, an for those from Ayumi Nakabayashi, and gh for those from github. I'll give you detailed instructions
below on how to make them usable as LT Spice tube models.

VERY IMPORTANT.
If you change the name on the file you MUST also change the name inside the file. For example if the file name was
6SN7.inc and you changed it to 6SN7nk.sub you must also change the tube number inside the file from 6SN7 to 6SN7nk.
Failure to do this will result in the tube model not working.

The big names in model development.

The name that has been bouncing around the LT Spice community for about the last 30 years is Norman Koren. He has
since moved on to another hobby but his legacy remains on the web. On this website there is a wealth of information, more
than I have time to read.

Another big name in tube models is Ayumi Nakabayashi. After doing a search on the name alone I have concluded that it
must be the Japanese equivalent of John Smith. There are lots of identical and similar names some of them apparently
actors or singers. However, someone sent me a link to a zip file that contains his models. You have already seen the link
above.

Modifying the models so they will work with LT Spice.

The models from Ayumi Nakabayashi require the most work.
Open windows explorer and navigate to the "LTspiceXVII" folder then to the "lib" folder.
Create a sub folder of lib named "Raw tube models".
Create a subfolder of "Raw tube models" named "Ayumi Nakabayashi".
Now locate the zip file from the Ayumi Nakabayashi site.
It is named tubemodel_3.20_win.zip and is probably in your downloads folder.
Double click it and it will open.
Click on the extract button.
The copy to box will contain the path to the downloads folder
Look to the right and you will see a small button with 3 dots on it. Click it.
Navigate to the "Ayumi Nakabayashi" folder you recently created and click OK.
Close the zip program but don't delete the zip file.

Each file must be edited as follows. Ayumi Nakabayashi used a spice program that recognizes the caret for raising a
number to a power, as in A^B. LTspice does not recognize this. It needs A**B instead. The quickest way is to use find and
replace. Of course you must do this for each file. I suggest modifying the file and then saving it with the letters an
appended to the tube number and a file extension of ".sub". That way you keep the original file in its original form for
safety. Later you can move all of the ".sub" files to the "lib" folder. That is where they need to be to be recognized by
LTspice.

Spice lesson Four. file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%...

2 of 5 5/5/2022, 8:39 PM

http://tdsl.duncanamps.com/dcigna/tubes/spice/
http://tdsl.duncanamps.com/dcigna/tubes/spice/
http://www.normankoren.com/Audio/
http://www.normankoren.com/Audio/
http://ayumi.cava.jp/audio/tubemodel_3.20_win.zip
http://ayumi.cava.jp/audio/tubemodel_3.20_win.zip
https://gist.github.com/chanmix51/6947361
https://gist.github.com/chanmix51/6947361
http://www.normankoren.com/Audio/
http://www.normankoren.com/Audio/


VERY IMPORTANT.
If you change the name on the file you MUST also change the name inside the file. For example if the file name was
6SN7.inc and you changed it to 6SN7nk.sub you must also change the tube number inside the file from 6SN7 to 6SN7nk.
Failure to do this will result in the tube model not working.

For the others there is actually very little to be done.
For the files from Duncan Amps, after you click on the link and the model text comes up just press ctrl-A to select all
then ctrl-C to copy it to the clipboard.
Then open Notepad and press ctrl-V for paste.
Now locate the line that begins ".SUBCKT". It may be in either upper or lower case.
Append the letters da to the tube number without any spaces. For example 12AX7Ada. In Notepad select Save as and
navigate to the LTspiceXVII folder that was created when the program was installed.
This is not the folder in C:\Program Files. It is most likely in the Documents folder.
From there navigate to lib folder and from there to the sub folder.
Save the text under the name tubenoda.sub. For example 12AX7Ada.sub
Do this for all the models you want from the Duncan's amps site.

If you haven't already done so download the zip file from the Norman Koren site.
Norman Koren files are a collection of Pspice circuit files but with a files containing models.
Open windows explorer and navigate to the LTspiceXVII folder then to the lib folder.
Create a sub folder of lib named Raw tube models.
Create a subfolder of Raw tube models named Norman Koren.
Now locate the zip file from the Koren site.
It's named Tubemodels.zip and is probably in your downloads folder.
Double click it and it will open.
Click on the extract button.
The copy to box will contain the path to the downloads folder
Look to the right and you will see a small button with 3 dots on it. Click it.
Navigate to the Norman Koren folder you recently created and click OK.
Close the zip program but don't delete the zip file. Windows explorer should now be on top.
Move to the Norman Koren folder and examine its contents. There are lots of files you can't use. The .sch files are
equivalent to the .asc files in LT Spice but they can't be used, delete them.
It's easier to say what to keep than what to delete. You want to keep .lib and .txt files.
Don't worry that someone may, or may have, come up with a conversion program to convert Pspice files to LT Spice files.
You still have the original zip file and can re extract the files anytime you want them.
The txt files might make interesting reading and the .lib files contain tube models.
All three of the .lib files seem to have the same contents. Whether the models are all the same or different will have to be
determined by someone with better eyesight and more time than I have. I will show an example using the 6AN8T which is
the triode section of the 6AN8 triode-pentode.

Open one of the .lib files and in Notepad and scroll down to the line that begins ".subckt 6AN8T".
Select the lines from ".subckt" through ".ends". Press ctrl-C to copy to clipboard.
Open another instance of Notepad and paste. You will now have the 6AN8 triode section model alone.
Move the cursor to the tube number in the ".subckt" line and append the letters nk after the T with no spaces.
Select Save as and be sure you are in the path LTspiceXVII\lib\sub\.
Save the file as 6AN8Tnk.sub.

Look at the filename with Windows explorer to be sure that Notepad did not append .txt to the end of the filename. You
now have the triode section of the 6AN8 in your tube library. In exactly the same way add as many of the Koren models as
you want to your library.

Vacuum tube models from github. When you click on the link a page comes up that contains all the text of the tube models.
It's not a page with a download link, it's the text of the file right out there in front of God and everybody. Make of it what
you will. At least that's what happens in Firefox. You get them by copy and paste. I suggest at this point you save
everything in a single file. You can go back later and separate out the models for each tube type. I'll explain below what
you need to do to make them usable as LT Spice tube models.

After you click the link there may be a period during which your computer will be unresponsive. This is a very large page
and it will take a while to load.
Press ctrl-A to select everything on the page. There may be another delay. The text should show up as highlighted when it
is finished thinking about it.
Press ctrl-C to copy to the clipboard.
Open notepad and press ctrl-V to paste.
Now save the file in the folder "Raw Tube Models" you created a while ago.
Now that you have it saved you can begin working with the file. Pick out a tube you want and select it from ".subckt" to
"ends".
Press ctrl-c to copy it to the clipboard.
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Open another instance of notepad and paste.
Now go to the line that begins with ".subckt" and append the letters gh to the tube number with no spaces.
Now go to Save as and make sure you are in the "sub" folder. Save it under the tube type number including the added
letters with the extension ".sub"
Transfer as many tubes as you want. You probably won't get this done in one sitting.

Adding a Tube Symbol and Model to a Circuit Diagram.

Placing the tube symbol on the schematic drawing board is not enough. LT Spice needs a model for the tube to go with it.
One way is to place the entire text of the model on the schematic. Another way is to place the model text in the netlist. But
the easiest way was shown to me by an experienced LT Spice user on our email list. Just include the single line of text ".lib
modelname.sub" on the schematic. In this specific case you see ".lib 12AX7gh.sub". The label on the tube symbol must be
exactly the same as that part of the line between "lib " and ".sub". The "gh informs us that this is a model that came from
the file downloaded from Github. This will not work on your computer until you have downloaded this file and pulled out
the 12AX7 model from the file and placed it in a file of its own with the .sub extension. LT Spice checks the file name and
the subckt (sub circuit) name. If they are not the same it issues an error message. The name within the file, the file name,
and the label on the tube symbol must all be exactly the same or it won't work.

I'm not going to show you the results. You'll have to draw the schematic on your computer and run the simulation to see
them. As shown you will get a text display of the voltages and currents in the circuit. To see the frequency response, right
click on the line that begins ";.ac" and remove the semicolon ; You don't have to disable the .op command by putting a
semicolon in front of it but maybe you should form the habit of disabling unused commands.

Schematic Drawing Reminders.

Place all components on the drawing in their relative positions working from left to right.
Interconnect all components with lines (wires) as you see them in the schematic.
Don't forget to place a ground on the bottom line.
Assign values to all components by right clicking on the component. Don't forget to type a u after capacitor values in micro
farads.
Tube Reminder. It is better to right click on the tube label rather on the symbol itself.
Try it both ways and you'll see why.

Figure 4.1 Showing A Simple Triode Amplifier.

When LT Spice goes looking for a symbol it looks for an asy file in the sym folder. When it goes looking for a Sub
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Circuit it looks for an sub file in the sub folder. Both of these folders must be in the lib folder which intern must be
in the LTspiceXVII folder. Placing the tube models in the .sub folder is how we put the models where LT Spice can
find them.

You only have one more big thing to learn which is stepping parameters. But you do have in hand a set of pretty
powerful tools. If you feel inclined to go off on your own, go right ahead. If you aren't too shy about it you might
want to report what you are doing on the email list. Or if you would rather not have your name used you could
report directly to me off list and let me post it on my daily activities page. If you go that route I promise to keep your
name in confidence.

DON'T FORGET TO SAVE THE DRAWING. Save it as Lesson 04.

If you can honestly checkoff each item on the list under the heading "What you will learn in lesson 4", you can go on
to lesson 5, assuming I have written it by then.

Back to table of contents.

This page last updated Tuesday, April 05, 2022.
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Spice lesson Four. file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%...

5 of 5 5/5/2022, 8:39 PM

file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/Spice_lesson_04.html#TBC
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/Spice_lesson_04.html#TBC
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/index.html
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/index.html
file:///C:/Users/Max/Documents/Web%20-%20Fun%20with%20Tubes%20-%20HTML%20Files/index.html

